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PREFACE 

Sluch of the subject matenal which is gathered h'ere'^ffli"lh€ 
Beaumont Lecture of 1946 has been presented elsewhere, or has 
been recorded in preMOUs medical writings It is theiefore neces 
sarj to reproduce illustrations from various journals, and this 
opportunity is taken for expression of thanks to the follmnng 
periodicals for the use here of certain charts drawings, and photo 
graphs I am indebted to The Jottmal of the Amertcan Medical 
Association for Figure 6 from “Experiences with Surgical Treat* 
ment in Ten Cases of Patent Ductus Arteriosus,” 115 1257, 1940, 
The Journal of Pediatrics for Figure 10 from “Surgical Closure 
of the Patent Ductus Arteriosus,” 17 716, 1940, The New England 
Journal of Uediciue for Figures 27, 28, and 29 fiom “Coarcta 
tion of the Aorta, Experimental Studies Regarding Its Surgical 
Correction,” 233 287, 1945, and Surgery, for Figure 30 from 
“Surgical Correction for Coarctation of the Aorta,” 18 673, 1945 
Robeut E Gross, MD 
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SLRGICAL TREATMENT 
FOR ABNORJIALITIES OF THE 
UF\R1 \\D GREAT VESSELS 



SURGICAL TREATMENT FOR \BNORMALITIES 
OF THE HEART AND GREAT ^T:SSELS 

INTRODUCTION 

It IS A PLCASrRE to come before the IVa\ne County Medical 
Society* to deliver the amnia) IcetHre of the Beaumont Foundation 
I am fullj cognizant of the honor winch jou have bestowed upon 
me, and I would like to express mv appreciation to the Foundation 
Committee and to the medical societv as a whole The list of pre- 
vious holders of this lectureship includes physicians and scientists 
of the highest qiialitv, and it is with great humbleness that I find 
myself grouped vnih them The subjects which have been presented 
to you in former years include a wide variety of topics in the basic 
sciences and in the clinical branches of medicine It is with some 
hesitation that I herewith call to your attention a rather small 
group of patients who have congenital malformations of the heart, 
the aortic arch, and the great vessels m the superior mediastinum 
Until a few years ago there wos no definitive treatment for such 
indindiials, but now tlicrapeutic proccduies are available for cor 
reeting some of these abnormalmes. This field of snrgieal endeavor 
IS m Its infancy and would appear to be limited, but jt is rapidly 
growing and has excited rather widespread interest Hence I feel 
justified in summarizing our recentiv acquired experiences because 
tJiej not only i elate what has been accomplished in the imst but 
possibly they will stimulate others to devuse methods for treating 
additional types of malformations of the eardio-v asculai svstera 
The field of medicine and siinterv is becoming so complex that 
it j<? rare for therapeutic advances to come from the labors of one 
mm It becomes inereasmgly apjvarcnt that we must depend upon 
the suggestions, the help the tritieism and the manv other con 
tnbutions which are made by our confreres The work winch is 
here summarized is no exception to this generalitv Through the 
years I have leaned heavily upon the guidance and support of mr 
superiors and peers "Mv interest m this field was developed by 
the constant prodding of Dr John Hnhbaixl, w ho understood m mv 
of the problems of congenital heart disease and who was anxious 

*The 25th Besnujont Lecture of the XVarno ConnU (ilieJi ) XJpdieil 
Society 
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to find a waj for their surgical coirection My deepest thanks are 
offered to the various chiefs who ha^c given me a free rein in the 
conduction of laboratory expenments and in the treatment of 
human patients I am deeplj indebted to Dr S Burt A\olbach 
the ShattTtck jirofcssor of pathology to Dr Elkott B Cutler the 
Aloseley professor of surgery to the late Dr Kenneth B Blackfan 
the Roteh professor of pediatrics and to Dr William E Ladd the 
foimer Ladd professor of childrens surgerj — all of the Harvard 
Jledieal School The roenlgcnolt^ic studies on our patients were 
begun bj Dr George Wjatt and were continued by Professor Her 
rill C Sosman and moie recently by Dr Edward B D Neuhauser 
This surgical progress has had a broad foundation of experimental 
vvoik in the Laboratorj for Surgical Research at the Harvard 
Hcdical School and I owe a great debt to Dr Elliott C Cutler for 
the gencious use of his laboratorj facilities and for the encourage- 
ment which he has given from time to time Individuals with 
cardio-vascular anomalies often present variations m function and 
iicli eontnbwliona have come from Dr C Sidney Burwell and Dr 
Eugene C Lppmgci as a result of (heir studies on these disturbed 
phjsiologicsl mechanisms Pinallj and of extreme importance has 
been the constant lojalty and enthusiasm of various members of 
tlio house stiff of the Children s llospitil and the Peter Bent 
Brigham Hospital v.ho have devoted a great deal of lime and 
energj to the care of patients before and after oj eration and hav e 
thus made passible the results which are here recorded 

The field of cardio vascular defects includes a wide varietj of 
malformations Tliere are the common and well known deformities 
but m addition there are many bizarre and rare types which have 
excited little more than acidemic mtciest It is obvious that a large 
number of malformations arc beyond the possibilitj of surgical 
relief but this pessimistic angle should not alter the brighter side 
of the pieture regarding those which can now be treated with a 
considerable degree of success It is on this latter group that I 
would like to focus jour attention and to consider briefly what we 
have learned about each of these problems Of foremast interest 
to me has been the work on the patent ductus arteriosus and Us 
surgicil cure hence this will be considered m greatest detail Ah 
normalities of the cardne envelope rarclj give rise to difficulties 
jet I would lile to present an individual with symptoms from a 
pericardial defect which were relieved bv surgical means Within 
the last jear there has come to light the exceedmglv promising 
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work of Blalock and Tanssig -which brings relief to those who snf 
fer from a tetralogj of Fallot It has long been Icnoim that anoma 
Ions arteries in the superior mediastinum can press upon the trachea 
or esophagus and interfere with their function, but now methods 
liaie become available for correcting some of the malformations 
Finall>, obstruction in the roam aortic pathway, so called coaicta 
tion of the aorta, appears to be amenable to surgical relief in some 
instances, and I would like to summarize our studies on this con- 
dition and Its therapj 



PATENT DUCTUS ARTERIOSUS 

In fetal life the atekctalic state ot the lungs and the conse juent 
small size of the ptilmonai^ \asculai bed make it iiece&saij for 
nature to pro\ide some method whereb> a large part of tl e blood 
can be kept circulating wthout passing through the lungs Tlus 
function IS fulfilled bj the ductus artenosus which permits blood 
to escape dircctlj from the pulmonatj arterj into the aorta Vfter 
the child IS born the lungs expand and blood should travel through 
the pulmonnrj' bed for oxygenation the short circuiting action of 
the ductus arteriosus is no longer necessarj Under normal con 
ditions this vessel becomes closed off soon after birth but m some 
individuals this obliteration is delayed for v?eeU mouths or even 
longer Christie* studied subjects from loutine autopsies and found 
that the ductus was obliterated »n 9> per cent of them by the end 
of the twelfth week m 59 per cent by the end of the first ycai 

The mechanism of normal closure of the ductus is not fully 
understood but cortam factors are believed to phy a role in its 
obliteration Some smooth muscle fibres have been described in the 
wall of the vessel which lend support to the theory that a reflex 
mechanism presumably vvorking through a patliway in the vagus 
nerve has something to do with diminution in the size of the vessel 
— even though this might not account for its full closure Evidence 
for such a mechanism of closure was obtained by the fascinating 
observations of Barclay Barcroft Barron and Franklin * It is 
possible that the chemical constituents of the blood also influence 
contraction of the ductus vvall as was demonstrated by the expen 
meuts of Ixeiinedy and Clark” A third mechanism in ductus 
closure is dependent upon the change which normally occurs m 
spacial relationships of various mediastinal structures after a child 
IS born AVheu the lungs expand the pulmonary artery assumes a 
different position with respect to the aortic arch and it is obvious 
that such a shift will angulafe the ductus which lies between them 
AA hile all of these factors probably play a role in diminishing the 
size of the ductus the ultimate obliteration of the vessel depends 
upon degenerative changes withm its wall the histologic sequences 
of w Inch have been frequently commented upon 

It IS important to note that the normal closure of the diieliis 
161 
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aitcriosiis is not accompanied bj thrombosis o£ this channel In- 
deed the appearance of a clot 
\Mthin the lumen of a ductus 
or the formation of a thrombus 
on either end of a closed 
dnttns must be regarded as a 
pathologic piocess Thedang'^rs 
of such a thiombosis are nt 
once obi ions, since these clots 
ma3 become n focus f i om n hicJi 
emboli aie thronn off into 
either tlie pulmonarj circuit 
or into most parts of the pen 
phcial arterial circulation 
Such embolic phenomena mn\ 
be obsoned m later life but 
m most instances thc^ occui 
nithiii the firet mouth of life 
Ihidcr such circumstances the 
closed 01 thrombosed ductus 
will not produce a murmur 
There maj be endenec of m 
farcts in the lungs but more commonlj aiteinl embolism produces 
ischemia or infarction, m the brain \arious abdominal Mscera, the 
kidness and psrtieularh m the legs Clinical and pathological 
obsersations from such patients have been presioush commented 
upon 

MHien tile ductus arteriosus docs not close and remains open 
bejond the first jeai or two of life, the indisidvial is left with a 
shunt which is essentially an arteno \enous fistula After birth, 
the direction of blood flow in the ductus becomes reversed because 
the pressuic uitlim the aortic aich is now higher than that m the 
pulmonarj artery, hcucc, blood non passes from the aortic arch 
into the pulmonarj circuit Such a communication maj be tolerated 
extiemeh well if the individual is fortunate enough to escape any 
superimposed mfection, and if tli© ductal shunt is a relatxv cly small 
one Under such circumstances, individuals have been found to 
have little or no incapacitation and have lived to advanced jears 
However, such a fortunate outcome is not in store for most indi 
viduals who possess a patent dnetus arteriosus There arc certain 
hazards which arc well recognized and which occur rather fre 



Ftg J SJietcJi of *e«srfs indi 
eating position of a patent duettis 
arteriosus between the aortic arch and 
pulmonary artery The loft recurrent 
laryngeal nerve, R^, courses arouad 
the aortic arch Kteral and posterior 
to the duvtus 
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<iuently (1) The shunt may dwert so much blood from the aorta 
Uiat the peripheral circulation is deficient and the individiul has 
a retarded physical de\eIopment While such subjects may be be 
lou par m weight and height as a rule thej have normal mental 
development and capacities (2) The heart may increase its output 
in an attempt to maintain the peripheral circulation at a satis 
factor} level but in doing so an citraocdinanly large amount of 
blood IS shunted through the ductus Under such circumstances 
the individual maj he relatively uel! developed and indeed be 
entirely normal m appearance and jet there js evidence of cardiac 
embarrassment or failure (3) There may be superimposed upon 
this abnormality a bacterial infection usually mth streptococcus 
vindans organisms The frequency with which bacterial infection 
occurs IS difficult to estimate with any accuracy It is reasonable 
to believe that it is found in about twenty five per cent of indi 
viduals who live well into adult years (4) There are more rare 
complications sucli as aneurysmal dilatation and rupture The first 
of the above named complications appears lu childhood, whereas the 
others are more apt to be problems of adult life particular]} in 
the third and fouitli decades 

To date the best studies on the prognosis for individuals with 
an untreated patent ductus arteriosus have been made by Keyes 
and Shapiro* They point out that patients who are alive at 
seventeen years of age with an open ductus have a life evpoctaney 
which averages about half that of the population ns a whole It 
)s apparent that the patent ductus arteriosus often seems to be a 
benign abnormality w hen \ jewed in early life but long term follow 
ups show that the outlook is serious both from the possibility of 
ultimate incapacitation and from the shortening of life which are 
apt to be brought about by the malformation It is this general 
picture winch has given an impetus for the search for surgical 
methods of closure of the vessel m the hope of relieving complica 
tions which have already appeared and also in avoiding otheis 
which liavc not j et occurred 


Diagnosis 

If one consults older textbooks of medicine many statements 
which we now feel to be erroneous are found regarding the symp 
tomatology and the recognition of a patent ductus arteriosus Since 
nothing in a therapeutic way was available -vt those times it was 
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flic general custom of ph>siejan«! to be satisfied Mitli classifying 
the malfoimation as “congenital cardiac disease “ that the 

cardio \ascnlar abnormalitj can be treated by surgical means, 
greater attention should be paid to the svTOptomafologj and phjs 
leal findings m indiMduals uith the lesion Fortunately, it is pos 
sible to recognize the condition with a high degree of accuracy 
In recent yeais attention has been focused by Gregg*" and 
others on the mcidcnce ot rubella m a mother, during the fii'st 
trimester ot pregnancy , and the association of congenital abnornnh 
ties m the fetus icsulting from such a gestation In two instances 
I liaye knowm of such infection m the mothers with appearance of 
a patent ductus arteiiosus and coiigeiiilal cataract in the children 
These icpresont only about one jicr cent of indiyiduals yihich hayc 
been personally observed y\dh an open ductus "While some caidiac 
detects may bt icasonably evplamcd on the basis of an arresting 
disease which occuried early in fetal life, it is fair to assume that 
1 persistence of the ductus arteiiosus will not be found to ha\c 
any such etiological basis Indeed, a patent ductus arteiiosus docs 
not represent a fetal abnormality of any soit , instead, it is a failuic 
of normal elosiue after the child has been born 

Patients yyjtJi a patent ductus arteriosus may haye little or no 
cy idencc of eaidiac embarrassment or they may liay e marked cardiac 
inyahdism, depending upon the age of the indiMdunl and the si/c 
ot the leak which evists In general, the abnoimality is well to! 
iiated in childhood years and frank decompensation is rare m that 
period A youngster can have boundless energy, indulge in strenu 
ous exercise, and may appear to he entirelv normal to its parents 
"More frequently, there is slight to modciate limitation of physical 
actiyity, and it is evident that excessive exercise is pooily tolerated 
or is followed by dyspnea, palpitation, or undue fatigue Patients 
in mid life often hay e moderate embarrassment , less commonly they 
may haie actual failure Often the adult is conscious of the fact 
(hat ho, or she, cannot maintain former levels of woik, that fatigue 
is excessue or that long penoifs of rest must he taken in order to 
cany on yyith a icasonably active life I am becoming mcieasingly 
impressed ivith individuals who present themselves m the thirties 
01 forties, yvho hayc no frank svmptoms or signs of cardiac fail- 
ure but who hayc lost their i»ep and who drag on thcir daily 
existence yvith no cMibcrancc While such people arc not bed 
ridden, nor are llicv iiixalids m the common sense of the term, 
they are neycrtheless incapacitated and are limited in their ef> 
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ficiency and usefulness because the heart is overburd ned bj an 
('ccessnt load which an open ductus places upon it 

The general physical development of the individual mav It 
somewliat ictarded a finding in an appreciable number of eas s 
Wien compared to normal children the height and pirtieulaih 
the weight arc apt to be less than the average normal and m some 
instances these findings are striking In manj cases the phjsical 
growth has not been impantd and indeed it appears to be umis 
unlly good 

When streptococcus vindans infections liave become supenm 
posed upon an open ductus certain | oiiits are m evidence It is 
rare for such infection to he found ni childhood though we have 
seen it in a girl of four years The highest incidence of endocarditis 
or pulmonary endarteritis is found m the tlmd or fourth decades 
The complaints include fever excessive sweating weight loss 
iinoicxn liemoptvsis or chest pain (from ]nilmomij infarction) 
or clianges m vai lous parts of the bodv suggesting arterial embolism 
(from vegetations which develop on the mitral and aortic valve in 
the later stages of the disease) Pcteehiac or ccchvmoscs of the 
mucous membranes or skin should ecrtainlj suggest the correct 
diagnosis Blood cultures prove tl e presence of tins complication 
and probably give some cvadencc rcgawling its severity 

The physical findings in an uncomplicated case of patent diietns 
arteriosus include certain features Associated defects in otl er 
parts of the body are rare Tlie coloi of the si in and mucous mem 
bnnes is normal in most instances but some palloi is present in 
others Cyanosis is never found unless the individual las frank 
cardiac failure Tlicrc is no clubbing of the nails The heart may 
be of normal or sligliflv ineicascd sue great enlargements arc 
quite rare Tl e activity of the heart may be within normal limits 
but if the ductus is large the cardiac impulse has an increased 
forcefulncss and a heaving pulsation is transmitted up into tl e 
nock vessels On auscultation a very characteristic murmur is heard 
in the pulmonic icgion that is the second and third interspaces 
to the left of the sternum It is continuous aceentunfed diirin„ 
svstole and dies off during diastole It usually has a very lumbling 
quality which distinguishes it from other cardiac murmurs It 
Ins been described as a machinery murmur and tl c clmienn 
who Ins listinod to several of these patients should certainly Ic 
ihle to identify the murmur thereafter The murmur may be 
widely transmitted over the pretordmm into the left axilla up 
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into the neck or o\cr the bid — particularh to the left of the 
spine While all of the mnr/nm maj be transmitted it is more 
common to ha%e onlj the lotider systolic clement oaineci to the 
cirdiac apex the neck ^essels or to the back In genenl a ductus 
murmur is one of considerable intensits and is accompanied h\ 
a thrill in about half of the cases This thrill mas be continuous 
or It may be limited to systole It is most intense over the pulmonic 
region and is usuallj not transmitted far besond this area On 
theoretical grounds it is possible for some patients who ha%e a tim 
ductus to haie a murmur which is limited to sjstole let fiom a 
practical point of vieu a murmiii that is limited to S5 stole almost 
alwajs represents some other cardiac abnormaliti 

The blood piessure usually shows a systolic le\el nhich is es 
sentially normal for the age of the mduidual In ti\o adults wc 
found some degree of hypertension a fact uiiich \ias thought to be 
related to other pathologic processes and not to the ductus itseU 
The diastolic lea el uill be normal or suppressed depending upon 
the size of the ductus Smaller fistulac do not gne ant important 
cliange ui the diastolic pressure but if the leak through the ductus 
18 great the diastolic level will be stnkinglj diminished to 50 or 40 
millimeters of mercury ^Vl)cn the pulse pressure is high there 
may be a Durosicr s sign or a \isiblc capillary pulsation in the 
nail beds 

Laboraton data are aluaxs within normal limits These pi 
tieuts do not develop a polycj thcmia 

Electrocardiographic tracings are helpful paiticuhrlj from tlit 
nogatiae cMdence which thej generally give Fibrillation or otlior 
iiidicitions of mvocardial damage may be found in older subjicts 
when the strain on the heart has been excessive In most cases elec 
trocardiograms arc noianal and there is no axis devaation In a few 
tracings we have seen some left axis shift particularly in oldci 
nuhvadiials who exhibited definite cardiac embarrassment In lu 
instance have wc found a right axis deviation This is a 1 oint i f 
extreme importance since the detection of a right piejiGiufcrance 
sliould make one suspect the presence of some other lesion 1 ar 
tieularlv a pulniome stenosis A prolonged PR interval would sug 
gest that the aurioulo ventncnlar conduction apparatus is longer 
than normal and may be stretched out around an interventricular 
septal defect 

Roentgenologic studies mav help m the recognition of a patent 
ductus iifcnosus but Ihcv ire also an aid in ruling out other 
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r , . Ilf irt rin f i n ti j Oe« t 
Mtl II ircuci patent lu ns a Her 
as Hr le rt IS "ligl tir e largo I 
tUe pulnonarj artorj {> loato\ Iv 
nrrotts) s s httlo more | ran lentll • 

1 orm il an 1 tl ere is el gl t fuIlaoHS i 
sotue veserls of H e lun^ fie la 

canine abiiormnlitjcv oi rlieu 
Tnttjc vohtthr tlnenso In pen 
cnl when tlu ductus is small 
the roontpcnolopical picfitrc miv 
1)L noriml or show little ehanpc 
fhtrofrom CoincrselT when 
the (liictiis IS of modeiate or 
InipLisire there are certain find 
sw„s w hich an. obvious in the film 
or fluoioseopic studies (I’l^ics 

2 3 and 4 ) Thehcait issliphth 
OI modtiitcls cnlai^i,d pirtie 
ularl} in its transverst dimrn 
sions "Mail ed enlargements ire i tic "VS hilc it m n he diihciill to 
tell whether one or both \cnfricles nc hsitrtiophicd not infre 
ftucntlj IS it impossible to show thnt the left chamber is t redomi 
nant Since blood is flowing in increased loliimo into the pul 
moniri arterj this scssel (frofiiienlli ineoncitli eilkd the 
piilmonari conus) is fuller than normal and projects outw ird fiom 
the upper left border of the canine shadow Likewise tlie \cssels 
wilbtn the lungs pnrticulailj around the lull in. spt to 1 asc nn 
increased fullness and prominence In somi instances tl e hihr 
vessels may bo found to have a hilar danei. which is not s tnns 
mitted impulse but which i& an intrinsic lucresscd amplitude of 
pulsation of these artenal branches This is quilc difiicult to ob 





tie 3 Bornttcn gr {] of a flflH. 
icir oil g rl will Mier rnrt c Is 
ah Illy fron a large pitent luctus 
nrtenosu* Tl e 1 cart s mo lerntelv cb 
hrgo I (here la no Icfio te fullness of 
tie pull mrs arferv lut tl ere is 
BODetaar Ivr o gestion • delung* 
Note tie Iun„ narrow chest aol tic 
estreno tl nnens of tie soft tixaues 
out I le of tl e 0 orv g 
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SCI \ t and too mucli rohance should not be pi iced upon tin, presence 
oi ibsenee of thjs point Left mteiior oblnjijc ind htiral mows 
" lit esidonce of kft uinculu cnlaifjcmcnt in about one half of 
the eases This dilatation is licst seen by m cncioachmcnt on the 
banum filled esopli igus Lnlarpemcnt of tlie left annelt commonh 
se n m patients with niti il stenosis of rhcnnntic oryin can also 
appcir from an iincomplicitid pitcnt ductus aitenosus This is 
dop ndent upon the incieised blood flow through the left side of 
tlicheait Fluoroscopic obs''i\utions or HTUogiaphic tracing's fjen 
trails show a heart with an incicased amplitude of pulsation pai 
ticuliilT o\ei tlu region of the left \ontnelc but lilcwise m the 
oitic knob and m the jnilmonari artciv 



Fi^ 4 Ki^I t anterior cl 1 fill 1 from a patient \ tli a patent ductus artir 
Kus in I ating tl e posterior enlar^en cn of t1 e left aun le ('li wii I a nrro ns) 
This IS a frequent hnli " in tle«e intienl* 

patent ductus arteriosu}> is not difScult to detect it can be 
lecognired m o\ci mnetj fi\e per ctnt of the cases with gicat 
ficilita ^\hlle clectrocardiographie studies and rocntginologic 
obseraatinns arc inipoit mt, it is well to cmpliasi/e that m the \nst 
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niajoiit\ of cases a feA\ minutes of intelligent auscnltation mth the 
stethoscope is the prime factor in the recognition of this condition 
Furthcrmoic if n characteristic murmur does not exist in a given 
pitient too much stress should not he laid on laboiatorj or ro 
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fg 3 Druma^ of tie Lesri a d ^reat vvasels in o new from which thev 
nould be seen bj lie surgeon operoiug tbrougl u left aotero lateral tiorare 
npproacl 

(iitgenolo^icnl findings whicli suggest the presence of a ductus 
iKcuise operation under such circumstancvs will alinast certoinK 
Icail to the finding of sonic other cougcuilal cardio vasciilir defect 

Sflecmion of Cases for Opervtion 
As work has progiessed vvilh the sui^ical therapy for the patent 
ductus arteriosus ideas have changed regarding the selection of 
inticnts for operation There is general agreement that certain 
individuals should be operated upon whereas there is still somi 
debate regarding the desirability of operation m others Certainh 
the child or adolescent who is not developing pioperly in physical 
stature will derive great benefit from closure of the shunt Simi 
larly, the indivndinl who his some evidence of cardiac embiirass 
ment or faiiuie can liivc his burden grcitly reduced by dticfal 
elc&urc The patient witli subacute bacterial cndarteiitis or en 
docarditis can likewise be helped in the mnyority of cases by closure 
of the shunt 'Wlicther or not sui^ciy should be employ ed in prefer 
cnee to penicillin tlicrapv for infected cases is now open to ijucs 
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tion Since ipproximatel^ the sane percentage of permanent cures 
can be obtamed bj cither method 

■Manj patients are seen in the first part of life a\Iien the> are 
relatively free of sjmptoms and the problem arises regarding tlie 
desirability of operating in the hope of avoiding future compliea 
tions It was mj original contention that operation vs as not justi 
fied under such circumstances, but this new has now been altered 
T1 e mortalitv rate for operation on the ductus m children m the 
present series is exceedinglj low and is about one per cent This 
negligible risl is far less than the risl of letting these individuals 
go untreated Hence I have adopted the polic> of advising surgery 
for all individuals in the childhood period who have a patent ductus 
jrfeiiosus even though the^ aresvTnpfom fret at the moment This 
policj is adopted mainlv for two reasons First an incieasing mim 
her of individuals are presenting themselves m mid life with serious 
fatigue impairment of general efficiency or actual failure and i 
uview of the histones indicates that thej had no complaints m 
only life Second there is> a tremendous difference m the technical 
difheulties encounteicd in the childhood period as compared with 
those in adult life Bcfoie puKrty one can piacticallj guarantee 
tl st a permanent and complete closure of the ductus can be ef 
fitted In contrast the adult presents certsni features which 
grcntlj complicate the undertaking and lienee tvx the surgeon s 
in^enuitj In adults it is more difficult to get a satisfactory e\ 

I osnro and the great vessels arc apt to be adherent to one another 
so that their separation is fringht with the risk of serious hemoi 
rhage The ductus itself and the great vessels are much more rigid 
will not stand as much manipulation and are more subject to sen 
ous injurj With increising years the ductus tends to become 
shorter and there is less room to worl upon it For these reasons 
I have great enthusiasm for operations on young subjects before 
they develop complications and I have considerable hesitancy 
about operation in some of the older patients when complications 
have set in 

In summary I do not bebeve that these procedures should he 
undertiken m adults unless there are very clear indications for 
the neecssitv of operation because the nsk of nonsurgical therapy 
is probably low cr than the nsk of surgical attack In contrast the 
results have been so satisfactory for operations m the childhood 
years that a rather widespread use of this procedme is justifiable 
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m the liojTe of liituic diffleultics This polm shoiiJtl he 

nclopted onh hj those \sl o are ihle to demonsfnte a n. isouiblj 
loH moitalits rate in ‘in extended stius of ciiscs The \Mdespread 
use of this proeodiue In oeeistonsl ojicrators with a limited 
experience in this field is not justified because ptifoimanee of the 
operation In suth indniduals might inflict hi^lier moitahts rates 
upon piticnfs tliin would lie the case if thej were left without 
surgical tlicnpx 

A word of caution isneecssan regarding tliose indniduals who 
iiasc anj ejaiiosis and also the tjpical signs of patent ductus 
niteriosus Under sucli eirenmslanecs the ductus should ntser be 
tloseil since it is almost cert iinlr acting as a eompcnsitoi % mech 
aiiism for some other cardiac dtfeet 

An mfcncntiicular septal defiel or a rheumatic mitral stenosis 
is not a coutraindic'ition to operatne closure of the ductus— since 
the ductus docs not comi>ensile in am \ra\ for these other lesions 
Olniovwlj operation on such patients will not restore the hexU to 
normal but it lenst the organ can be impnncd and cm bt I■elle^ed 
of some of Its stnin 


SunciciL Tfciimqce 

riic operative ajiiirosch in nil coses of the present bcncs Jins 
been ihiough a left nntero hlornl incision tnveising the plenral 
cavitv tcmfionrilj colhpsmg the lung ind viewing the niedi 
iistiiium fiom Its lateral aspect (Figure 6) If the flioncic wall 
IS propcrlj opened it gives an admirable exposure The cutaneous 
wound wns originallj made above the bicist but in all recent ca.sos 
it hns been nvsdc in a cutxilmcar fashion below the imust extend 
ing from the edge of the sternum downward and outw ird into tlie 
ixiIH almost to the posterior axillan Ime Tins oj ening is dc 
veloped down to the pectoral fascia md the entire bresst is turned 
upwsid and outward This is a particularh important step in a 
woman Ixciuse failure to mobilize the breast oft of the pcctoril 
fascia will greatly limit tht subsequent cxposiue This extensive 
elevation of tht breast has m no wij interfered with its blood 
Riipplj subsequent appearance et ccteii The pectoral major and 
mmoi muscles aie cut across and are detnehed from the chest w ill 
The thorax is intend in the Ihiid intereostnl space The third and 
second costal cartilages are cut so that the ribs can be pushed up 
ward and held in that position In a self retiming retnetor The 
lateial and posteiior portions of the third intercostal muscles art 
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now sp\ercd .ilmost aiouml lo the angle of tlic ribs Tht anterior 
border of the latLssimus doisi mu'^clc is se\crcd and the anterior 
seiratus mnscles are dnidcd bacWdnl as far as the long thoracic 
iier%e All of these step^ aie iiccessirj to alloi\ full spreading of 
the wound 



Fir 0 (4) Exposure ot thesu|'eri«T 
meOnstmum ancl the base of the lietrt 
throuRh a left sntero taleral irw>«ion 
entering the client through the lUirl 
mtereoetal «paie The thmt am! seeuml 
Lostnl eartitages Ime liocn JithW 
The nie<ln«tiaum will le entered 
innsinR the pnnetnl pleura alo»^ iht 
(lotted line (B) Details of exposure , 
nud ligation of duetu® (I > The pane 
tal pleura of the njodia«tinum la hein;^ opeued over the aortie nreh shout Inlf 
«aj hetween the phrenic anl ssrus nerves {2) The unterior flap of pleura ]•< 
Jield forirsrd irilh one <Jr fno <otures Uithm the underliiOR far and uteolir 
tHiue the ^agus and recurrent larvngcal nene are identified tS) Pre'^enliiig 
portions of the ductus, aorta, and pulmonary artcr> are cleared of fs, mil 
oierlving tissues (4) The bach wall nf the luctus is being scpnriited from 1)ie 
niednstmal structures In bln&t (b«ection (a) The duitus has been fiet?d an I 
one henr.v hrtided Silk ligature has been pfitceit and tied The second ligature 
IS being brought lato place (6) Two ligatures Ua\e been used, leacing sereral 
mifiiracters of tissue between ttiem 


Palpation of the mediastmum re%eals a continuous thrill uhieh 
can be felt wideh o^e^ the great \essels but winch is most intensi. 
over the ductus and m the pnlmonarj arterj adjacent to it The 
parietal pleura is now opened parallel to and behind the phrenic 
nene (Figuie 6. eontiimed) One then comes domi upon fat, 
areolar tissue, ami a group of hmph nodes which must he eleaied 
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nwaj to Mew the iindcrhiii^ stmctures It i-? well to identify the 
left ^a{^us iicno ns well as the reimrciit j)cr\t wlndi comes from 
it and coiuhcs around nndcr the aortic arch po^tenoi to the ductus 
In no instance of the present seneb has flicie littn aiij optralivo 
injurj to these Tior\cs Sometimes it is iiccessafv to dnide brandies 



Pig Ted niiue f rinfiiy <>inplo>c<J for \ rapping lucfus with eelloplain 
to produce regional sclerosis (1) D ictus las been frr 1 aid two linen um 
1 ilieal tape tus t nc 1 esn phe ! Silero«ing Huil was injected in n fee m 
sfaucea (2) Tellopl anc brouglt lofo jliee V •■I et of cellojlane afoot i 
mcl wile las I esn folJel on Itself four times to nake n stri] ab ut i quart 
of an inch wide an 1 of f nr fl iekDea*es (3) Cclljohane tiel on du tua (4) Tl 
en 1 of ecllopt ane is tie 1 mill a fine ailk ligature to mal e sure tl at U uill i t 
conn, untied Tl e cn Is of 11 e 1 nen lapo art 1 kewi's tel or are 1 elf f get her 
with T, silver cl p 

of the \ i^us nei>e which iiiii down to the left liuig loot in otdci 
to gam adequate loom in this region ^o post operutne deleterious 
effects ha,\e been ohsersed from sach divisions As the dissection 
IS carefully continued the posterior and antcrioi liordcis of the 
vessel can he defined Dtcpei dissection can then he started he 
tween the aoita and the adjacent pulmonary aitcrj The cxplora 
tion posterior to the ductus is at first somewhat blind and must 
he performed with extreme care and with blunt instruments While 
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noriong behind the diictns it is iiell to beep the dissection upward 
toward the aortic arch and, hoice, aw .13 from the thm walled pul 
monar3 arter} winch is leas toagli and less able to withstand 
manipulation and mecliamcal injar5 As the operator proceeds, 
enough room can be obtained betAVeen the aortic arch and the pul 
monar3 aitorj so that the back of the ductus can be viewed and 
a clear space can be seen between the ductus and the underljmg 
left mam bronchus It is of great importance that this dissection 
be adequate and thorough Negligence m the performance of this 
step accounts foi man} of the fnihires which haie been reported 
following ligation of the dnetus If the vessel is ligated without 
adequate!} freeing it, the chances for erosion of the ductus, bv 
ligatures are greatl}’ increased Tonroff** has stressed the need 
for meticulous clearing of the structures, and wc are in accord with 
Ins admonitions 

Ihe left lateral wall of the ductus must now be complcteh 
freed of the lappet of pcncarduim which almost nlwajs estcnils 
up over it This can be cut awaj from the ductus and can be pushed 
off of It and off of the adjacent pubnonarj’ arteif It is well to 
accomplish thia step without opening of the pericardium, a mishap 
winch allows froth} pericardial fluid to run down and obscure the 
field 

"Methods of closure of a ductus hove undergone several stages of 
evolution In the earlier phases, hgation alone was emploved In 
a few of these a single, hcav} , braided silk tie w as used In most 
instances two ligatures were applied Linen umbilical tape seemed 
to have onl} slight advantage over lieavj silk ties In twent} eight 
pitients the ductus was wrapped with cellophane in the hope tint 
the sclerosing action which (his material produces** would cicite 
regional fibrosis and close off an} small opening which might have 
been left (Figure 7) In scvcial cases this gave a final closure 
within three or four months after operation, but it could not be 
relied upon to nltaiu this jroil nuiformlj. In a total of 130 surgicalh 
treated cases, fort} seven individuals had one of the above de 
scribed t} pcs of ligation Follow up observations indicated that m 
about cightv per cent of the ivatients a complete obliteration and 
closure of the sliunt was obtained In about ten per cent of the 
cases the ligature cut through and some of the fistula was ic 
established In the remuinng ten per cent of the cases, the ligatures 
weie not put on tightl} enough to close the vessel completelj "While 
these overall results were rather good, an attempt was made to find 
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Tig '! Technique f r eoniplefe i)nj«ion of He <luctus arteriosus (Ij Tjjn 
of cl imp s[ecnll> prepare] for nifseqaeot application to the iluclus Tl >s is 
n Crile heniostat, tie javrs of tvhieh hate leen grnuiil to make Item h liltli 
thinner tl an a stock instrument (2) tzposure of superior ii e Instiiium tlirougl 
a left anti ro 1 ilenil np{ roach entering the elcH in the thin] iiinersiaie Itu 
tinril nn<] se ot 1 costal rartitagea batt licen dm Id Tl e n d astiniim »ill I 
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ontnel along tlie blnck lino posterior t> tie phrenic nerve (3) Anterior fli] 
of I irjeta] pleuM h hell fornanl, erposing the underlying lorti and pul 
monarv arterj (4) A lapjiet of pemanlium w lieing identified (5) Lappet 
of pericardium being raised nnil turnci cau tally by sharp and blunt dissection 
from the underlying ductus and regional {lulmonary arterr (i>) Anterior sur 
f ire of tlie ductus h is been completelj freed Posterior wall is being hluntlj 
dissected from subjacent «tTitctnrcs (7) Two clamps placed upon the ductiia 
(^) \ thirl clamp has been ju|ueezrrl on the ductus, this rides up on the pul 
iiioiiarv arters A fourth clamp has been placed on the opposite end of the 
<Iu tus, anl this rides up onto the aorta The ductus is being seierel betuoeii 
the two midlle clamps {U) Ductus completely severed, lenvmg two clanij s 
on ulher end of tie lessel (10) Pulmonarv end being "utured, after removal 
of the presenting clamp This leases a siiiall cuff of ti'suc which can be sewed 
over and over with a fine silk stitch (11) Itetails of closure of pulmonary en 1 
Of ductus The cuff of ductus tis«ne being whipped oier and over with a con 
tinuons 5 0 Deknatel siik stitch earned on an afrnumatic needle Individual 
hites go through the full tliickne“a of eftch side of ductus will (12) Pulmonan 
end has leen closet Attention now turned to aortic si le from which the pre 
•eating clamp has been remoie t and ft snrsH cuff of ductus provi ted This tuff 
will be sewel with the «aDie terlinuiue as was emplo>el for the pulmonary 
sile (13) Ilcmo^tatie clamps rcmov^ from pulmonarv and aortic sides, show 
ing indnidual closure of these two ve<Hl5 
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some otlicr motliod uliertby the ductus could be completely clujdcd 
jnallciscs With Uiese ihoii»hts in mmd the following technique 
(rigiiic 8) M IS adopted and has now lieen emplojed in eighty 
three patients witli complete satisfaction 

Pour Crile hcmostats hove been prepaicd bj giinding their 
blades so that the; are about two thirds tlie thickness of stock in 
stiiimoiifs After the ductus has licen adequately and utdehj freed 
two such clamps are placid upon it This usually takes up all of 
the available room between the aorta and the pulmonaiy arterj 
Ilowcvei It is possible toMiuce/e on a thud clamp which rides up 
somewhat on the pulmonarj arterj Likewise a fourth clamp then 
can be crowded onto the aortic end and tliLs clamp grnerallj rides 
up on tlie adjacent aorta In the first eighteen cases each clamp 
had fitted to its handUs a rubber band the tension of winch held 
the clamp closed Tins was done to avoid undue crushing of the 
ductus but this precaution is now known to be unnccessarj In all 
recent cases the rubbii bands have been discarded and tlie clamps 
have been dosed using o»l> Uic first ratchet there have been no 
untoward effects upon the vessel cither at the time of operation or 
aubsequent tliercto ^\lth the foui clamps in place the ductus is 
divided hj passing a scalpel between the two middle instruments 
Thus two clamps remain on the pulmonarj end and two on the 
aortic end of the ductus \Vlicn the vessel Ins been cut the two 
ends separate because the pulmonarj aitm and aortic arch tend 
to fall away from one ftnothcr 

Mtontion is now turned to the pulmonarj end of the ductus 
Tile presenting clamp is rcmoveil thus providing a tinj cuff two or 
throe millimeters in length The remaining back clamp is steadied 
and supported by the first assistant The ductal cuff is sewed over 
and over with an interlocking contimwms 5 0 Deknatel silk stitch 
earned on a tinj curved atraumatic needle Fifteen to twentj 
bites are tiken each one of which traverses the entire thickness ot 
luifh edges of the ductus wall In this waj the entire end is com 
jiletelj closed 

The aortic end of the ductus is now treated in a similar wav 
The upper most clamp is taken off and the cuff thus made is sewed 
over and over with a continuous interlocking fine silk stitch clov 
mg the ends m a verj effective manner 

In the first eighteen patients treated bj this techniqne the ic 
mauling hemostatic damps were taken off and a second row of ad 
ventifnl sutures were placed to re enforce the initial line of closure 
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This ^V’\s done on the pulmonary arterj as ncll as the noit i ^[orc 
icecntlT this second hjcr of snttiios has been omitted as a routine 
procedure It is now our custom to rcmo\e the rcmamin* hemo 
static clamp fxom the pulmonar> arten and to jam a small pack 
in between the aorta and pulnionar% atten for scioial minutes to 
permit clotting between the stitches When the jiulmonaij end is 
drj a pad can agam bo placed between the aoita and the pul 
momrv arterj and the last clamp lemoved fjom the aortic end 
Ordinarily packing for % few minutes is suffieient to control am 
oozing In a few cases it has been nccessirj to take a few nd 
\entitnl stitches to re enforce a part of the suture line whcie there 
was some pm point bleeding 

This t j pc of operation maj seem to be hazardous and fraught 
witii dangers and jet it has been performed and completed eightj 
ihtc'' times without anj fatahtj dirccth related to the dnision of 
the ductus In this group thcie lui\e been two surgical deaths one 
from staphjlococcus meilnstinitis and tlie other iiom eardiic 
failure in i woman who was an crtremch pooi ns! and who had 
had evidence of cardiac decompeasation for a long period of time 
Complete division of the ductus nisuies that all of the leal is 
stopped and that there is no chance for re establishment of the 
fistula The effectiveness ot this operation and tlio absence of 
mortalities which can be attnlmtcvl to it mal c me feel that any 
form of ligation of the patent ductus aitcriosus is an obsolete pro 
cedure and I have now complotelj abandoned ligation in nnv foim 
I vvould hasten to add tint division of the ductus is a dcheitc and 
painstaking procedure and hence should not be undextikeu bj 
individuals who InTC not maslrred the tcchniijne in the eapon 
mental laboratorj 

Rebi I TS Of Opetvtion 

One hundred third indents have been oj enfod upon ioitv 
seven bv ligation and ei*»litv thioe bv complete division of the 
vessel There have been fivt surgical dciths an mcnll mortahtj 
of 3 8 percent The v oungcsl inticnt w is elev cn montlis the oldest 
fortv seven veirs of age Those who have suivivcd the procedure 
have had ccitam elniigcs which will be individinllT considered as 
follows 

Cl anqa in blood j rcssiirc — ^Tollovving surgical closure of the 
ductus there is no impoit int change in the svslolic I lood pressure 
(Tigurc D) In oecasioiial mdnidnils the sj-stolie pressure will rise 
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fen to t«entj millimeters of mereur> for several da^s and then 
uoedo to Its preoperative figuic The diastolic pressure hovrever 
shows n nnrkctl rise and this is evident at the operatin? fnijle as 
soon IS tlu ductus is closed The decree of rise vmU v in invcrseU 
wifli the depression wliuh existed prioi to opciation In othei 



fig • K i)'picat btcol pre sure iliart of « clUl liefore <it t after c!o<'urL f 
fln op*n iluctus Operstion laaKe" no important ctvng:e in the sjutol c level 
Closure of Ihc liuetus is foHoned Ij « ebarp on ! perm-ioent rise in tl e 1 n«toJ e 
pressure 


words a preoperative diastolic pressure which is not greatlj below 
normal will change but little following operation Convcrsch when 
the dnstoUc pvcssvvce has hvcu dcpresi«l to fift\ fovtv or tiurtv 
millimeters of iwcccuij betoie operation one finds an abuipt and 
stnkiii" rise m tbn. reading after closure ot the shunt In short 
w hen the leakage from the aortic arch has been stopped the v aseular 
sjstem IS able fo maintain the diastolie pivssurc it normal phvsio 
logical levels 

The nrnrvinr —In eight of tlic cirlwr cases where ligation was 
done a muimur, of lisscned jntensitv was found after operation 
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indicating some leakage through the ductus In about half of these 
It was belie% ed that the ligatures h id not been placed tightlj enough 
to close the entire fistula In the other half there was no murmur 
in the immediate postoperatiie period but this uas followed by 
reappearance of the same during the second or thud postoperative 
wcel In these latter instances it was obvious that the ligatures had 
cut through the vessel to some degree 
111 five mdmduals all 


of the ductus murmin has 
disappeared buttheiere 
mams a murmiu indica 
tue of some other associ 
ated lesion Tluce of these 
Mere lecogmzed oi sus 
peeled before operation 
one having a rheumatic 
mitral stenosis and in 
sufilciencj and the other 
two an interventricular 
septal defect In the 
fourth and fifth eases tiie 
second lesion vv as not sus 
pected prior to operation 
because the ductus mur 
mur was so loud that it 
completel) overshadowed 
the murmur of the second 
ibiiormalilj 

In the vast majoritj 
of cases particulatlv in 
the recent ones where 
comjdete division has 


r ■ ^ sen>»E 



Fig 10 Sound Irac Lgs taken from tl e pul 
monaiy region of the chest before and after 
operation (1) and (2) ind cate the t mes 
wl en first and second card ac sounds s) on] 1 
occur Before operation tl ere is a cont nuous 
mirmur which is most intense during svs 
tolc and which dim ni«l es in I astole Fol 
lowing operation there are pure first sounds 
ani second soun Is and t) ere is complete 
disappearance of tl e murmur 


bicn pcrfoiraed there is complete disappearance of murmurs after 


oj elation (Figuic 10) 

Acliiity of the heart — One of the sinking changes which cm 
be observed is the sparing effect upon the heart and the diminution 
m the forcefnlness of the cardiac beat By inspection of the chest, 
particularlv m a thm indniduil the pulsations at tlie cardiac 
ajicx can be seen to bo less intense Likewnsc the pulsations over 
the neck vessels oic less prominent A heart which before operation 
had a verj heaving pounding and forceful beat, will be found to 
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lia\o a postoperative activitj which m comparison is quiet and 
much Ics.? rigorous Further evidence of this change can be found 
b} fluoroscopic examination or kymographic tracings Bv such 
means one can see that the amplitude of e\cursion duiing the 
cardiac contraction leturns to normal These postoperatne diminu 
tions in cardiac action are not great if the ductus which has been 
clased has been a small one In contrast when a ductus of large 
size has been obliterated there 13 a great reduction in the actnity 
of the heart aftei operation 
Si*e of ihe heart — It has long 
been known that artificial estab 
lishment of anarteiio-venous com 
miinicalion produces cardiac en 
hrgement of two tjpes There 
ronj be cudne bjTicrtrophj and 
there maj be cardiac dilatation 
I Usnalh some degree of both exists 

I if the shunt is kept open for a con 

sidciable period A patent ductus 
arteriosus is one form of arteno 
venous fistula and it produces 
similar effects upon the heart 
When cardiac hjpertroph> has 
taken place the organ does not 
shrink following closure of the 
alnint However there have been 
observations to show that in a 
growing individual the thorax 
and other bod} measurements can 
increase whereas the heart grows 
verj little during the ensuing 
vear and a half or two jears at the end of this time a normal 
cardio thoracic ratio becomes established W^hen enlargement of n 
heart is pnmarilv on the basis of dilatation the heart will shrin! 

I erj Tapi3)y ioDonmg eJosarr of the £stnJa 

jMeasurements of the heart size can be made quite accurately 
with seven foot heart films befoie and after operation In many 
individuals particularlv where the ductal shunt Ins been small 
there is little diminution in the sire of the heart following oj era 
tion In contrast when a fistuh of large size has been closed the 
overall dimensions of the heart will shrink particular!} the hon 



F g 11 Clanges m cnrJiae a le 
nnd contoar Irom an indiTidnal 
mth aurgical closure oi the ductus 
Tracings taken from rocntgino 
graphic heart ^Ims before opera 
tion (dotted line) and after oper 
ation (soil 1 ] ne) Shaded portioi f 
indicate d m nution in tl e shadon 
of the heart and great vessels pro 
duced by closure of the ductus 
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zoiital dnmetcr (Piguie H) Wc lia\e seen diminutions in tiaiis 
\erse dimensions of as mucli as a centimeter and a half 

Weight changes — Indnidnals T\ho have an essentially normal 
physical de^elopment prior to operation, show no important giowth 
changes when followed foi some months or several 3 cars after opera 
tion HowevLi, underweight subjects, most of whom aie in the 
childhood group, will exhibit a surprising and gratifjing gam 111 


CASE 7 
IS TRS OLD 


CASE 9 
S VRS OLD 
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te^r vENrmcaLAR oorewr— cir«C8 pcs mi« 

UOATION AFTER IISATIOV 


Fig 12 Onphs of data from three patients shoning output of left rentnclc 
(under conditions of operation), before and nfter closure of the ductus From 
studies by Burwell and Eppinger In each instance there 13 n marked diminution 
in the left ventricular output follomog closure of the ductus 


weight, sometimes to an amazing degree JIan) of these clnldun 
have added 25 to 30 per cent to their weight during the 3 cat or 
jear and a half following operation Apparentlv, closure of the 
shunt increases the peripheral flow of blood to the bod} and tlieich} 
improves the ph3Sical state 

Reduction of the caidiac output — Eppmger and Burwell' h ive 
accumulated data from some of our earlier cases to studv tlic 
changes in the circulation which are produced b} closure of a patent 
ductus arteriosus During operation samples of blood were tahui 
fiom various intra thoracic vessels for determination of tiioii oxv 
gen contents Aftei measuring the amount of o\ygen winch the 
jiaticnt was consuming, calculations could be made to ascertain 
the per mnnite flow through the peiiphery of the bodv, through 
the lungs, thiough the two sides of the heart, and fimllv, through 
the ductus itself Operation was then continued and the ductus was 
closed off Ten or filtecn minutes later, a second set of blood 
samples were collected and analyzed so that calculations could 
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agiin lie imdc for the \ tiious flows in diffeicnt parts of tJ e s^stcm 
rrom tJie publications of Kppiiiger and Kunrell I uoiild like 
to point out the left \cntricular output of three of patn nts (Figuie 
12) The first a giil of fifteen >oars w is pumping 10 1 iities of 
lilood j)cr minute from the left \entnele \ihJle the clnctus was open 
this immcdntelj fell to 4 litres per minute after llte shunt was 
do td 111 a s''eond chdd of five 
\eais with evidence of severe 
caidijc emb irrassmcnl tlieleft 
ventncular output with the 
du’tus open was 8 7 litres per 
minute whereas it fell to 3 3 
litres per minute after Ugatton 
of the ductus The third pa 
iKiit a woman of twentj sit 
a ears with marled orthopnea 
for three vears Ind a left ven 
tricular output of 14 1 litres 
I>cr minute when the duetus 
wis open in contrast to 6 3 
littes per minute w hen the due 
tus was clovsod It should be 
emplnsiaed that none of these 
obscrrations wore made undci 
basal conditions Thoa were 
made iinder eircumstawces of 
operation uiulei anesthesia 
with the chest op'»n with one 
lung partnll} collapsed ct cct 
era However the conditions 
were etsctlj the same in the 
two sets of me isnremcnfs ex 
cept for closure of the duetus 
hunt The figincs clcaib "i 
dmtt Ilut ohliteiation of a pitint ductus aitermstis cm ,»reatb 
tlimmibh the work of the heart and prcMiraablj it can inernse the 
cirdiac nserve 

Superimposed streptococcus tindam vtfeetton Formcll^ I 
could not SCO an> rationale tor operating upon mduuluaU with a 
complicating subacute bacterial endocarditis or pulmonarv cn 
(laiteritis It was difficult to believe that Ihtrc would be an> bem. 



J n D ai,rimT»lic rcpuvotaliun 
<if »t ige# of tacferisl infection in tl • 
\ losettcc of fta open luctua nrtenoaus 
in earlv stage* vegetations are lim 
lied to the pulmonarj artery (Pt) 
Un ter sucli eireun *t8nte* ilovnre of 
tic I ictus has \ery benelicinl ani 
curative effects In later stages of in 
fiction legetat ns maj nipenr on 
|! e Tl Ural valve (M\ ) an I on tl e 
nortic valie (A\ ) In saeti «fagcs 
Sirgicat c\o<uTe ni a itnctus appar 
enllv \ ill njt halt fie infection 
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ficnl effects as far as the infection was eoncernod and indeed tlic 
iibks of 0 ])tration A\QuId presum ibh be !u};h laciusc of the fiia 
Inlit^ of the \cssel nid the danger of uijcontioll ilile hcmoirhage 
Giajbitl, btneder, and Bojci’ wcio the first to attempt operation 
upon an mfictcd case but Touroff and Vescll*' wcie the first to 
cure 1 stieptococcus Mndans infection by surgical elosnie of i 



14 Clmiinl ihirl from n nineteen lesroll ^irl with s patent luetii'* 
irtennus in I eupenniixi'el stieptnionus Tin tins infection Prenou* thenpi 
with 'Vlle^uste sulfonamile treitnient faiUil to «tcrlue ttie blood stream Tol 
1 mniig nii^u il closure < f tl e ilurtus there Ins tieen »ul m leaee of fiiir an i 
ill sub"iqucnt tliiod tulturc* Ime loen mgstne 

ductus The latci leports of Touroff” *® sbou tint of elc\en such 
patients (all m the jirc pcmcillin era) who w cre treated bj sui gen 
SK Minued and were cun.d of their infection Furtheimore, sul 
fonamide thersp} had bc®n discontinued or witliheld foi one or 
another icason and the cm itivc icsults could be ascribed to the 
opciation perse 

Expeiicnces in our ten patients with supenmposid strepto 
coccus Mridans infection closelj simulate those which lia\e been 
previouslj described bj Touroff All of our patients were likewise 
in the lire penicillin era, but each Ind been treited with the sul 
fonanudes whicli were a\ailable at the time In no instance tould 
tb/i Uloivl stAaawc twi 'I’pftta.U'Jo. 

Sulfonamides were continuwl for \ar>ing periods of time after 
ojicrdtion In three esses the infection persisted and tlie patients 
rui a downhill course, escntmllc dung of an OTcrwhelmmg in 
fiction In the otJier scicn indiridinls, t)ic therapy was effeelne 
in bringing about a permanent cure of the streptococcus ciridans 
infection In some of tlussc the blood cultiiics became negatue im 
mcdiateU after opention (Figure 14), while m others tlie cultures 
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rennined j)ositMt for as long as two weeks after operation and 
then all subsequent ones were negative (Figure I'i) 

It IS not entirch clear ultj giirgical closnii- of a ductus should 
fia\e curatuc effects upon infection which exists in the pulmonari 
atterj, but two explanations seem plausible Blood squirting 
through an open ductus into the pulmonarv artery must dislodge 




Tig 15 Chart from a tliirtyaix joarold man who for four montha Isd 
shown eridence of glrfptococtvs tintlans biooj (tream mfectioo, continiiei] 
fe>er, great loss of weight, etc Exlenaiee thmpi with fulfapyridue anil 
ii>perp}rexia with lujections of t}phoi<) antigens hail been ineffective in ateril 
iring the blood etream Operation as ludicsted In three weeks the temperature 
hid subsided to normal, and all blood cultures since that time hare been 
negative 

bictcria from the vegetations which exist there Hcnee, there is 
constant seeding of the blood stream (Figure I3) Surgical stop 
pige of the flow through this nozzle will allow the current m the 
IJUlmonarj arterj to become more quiet and tlius promote healing 
of the vegetations Secondly, when the ductus is open the blood 
within the pulmonarj arterj has a rather high degree of oxjgen 
situration, a situition which mikes suitable conditions for the 
growth of bacteria Closure of the ductus immcdiatelv cuts off ad 
mission of ai tenal Wood and the pulmonarj nrterj will then con 
tain onlj venous blood, the low oxjgcii saturation of which will 
discourage the growth of organisms 

Touroff has pointed out tliat as long ns the vegetations are 
hmittd to the pulmonaiy artciy (Figure 13), opiration has highh 
beneficial effects Such individuals mij have debilitating infection, 
have positive Wood cultures and maj have pulmonarv infarcts vet 
operation is successful in a high percentage of esses In contrast, 
hte stages of infection usuxllj imply that vegetations have de 
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vcloped upon the mitral and aortic \al\cs — a fact which can be 
recognized bj the appearance of iienplieral emboli — and under 
such circumstances opeiation has little or nothing to offer 

Prior to the dajs of siw^ieal treatment for patent ductus arterio- 
sus, individuals who had superimposed streptococcus Mridans in 
faction nsuallj died of tlus complication, and not more than fi%e 
or ten per cent iccovered under aii% form of therapj With the 
advent of surgical treatment, permanent cnris have been obtained 
111 sixtj 01 seventj per cent of the casis, a verj encouraging ad 
\ance Moie recently, the same general results have been obtained 
w ith penicillin alone, and this type of therapv w ill probablj super- 
cede the surgical one While we must recognize the potencj of 
penicillin m eradication of such infections, it is well to point out 
that some of these patients subsequently die of cardiac failuie he 
cause of mvocardial damage or exhausting effects of llieir illness 
Hence it is possible that the optimum therapy of the future will 
combine the anti biotic activity of penicillin with the reduction of 
caidiae woik which can be brought about by surgical closure of 
the open ductus 



DEfECTS or THE PEniCARDIUM 

Absence ot portions of Hie porieiiduim rarelj gnes rise to 
symptoms or to disturbed function ot the cardiac mecliunism Con 
genital absence of a part or whole of the pericardium has been 



Tij 10 RoenfgenCoraiii of foory*nrol] lo' mil i ton plunt of per* stent 
eoug! Tl ere is a si ado t projecling; from tl c ngl t aide of the 1 etirt (Cougl 
«Bs presumal h caused by unfation or atretel ing of o'erijing rig! t phren c 
I erve) 


obsenod bt LadcP' and others these btmg incidental findings in 
thoracic opciations or at the post moitem table Tlie perieartluim 
Ills bctn rcmoied e’cpenmentallj' from animals and the adjacent 
structures liaM become smoothed oser so that the moving heart can 
beat in a satisfactory wav It is now well known that large portions 
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of the peiJcartluiHJ can he lesected from hunmiis ^fth constrjctnc 
pel icarditis and the htart cm be m ide to mo% l and tw ist in a more 
normal mannei Wink absenct ot the pciicaiduim, per sc, is not 
deleterious, certain detects Mhieh imolre the subjacent diaphragm 
can be troublesome, as is exemplihed by the case indicated in Fig 



I i„ IT tjdun: j itieat fts ahona lu Fig 1( \ Oualizntiou of interior of heart 
i % injeition of <0 jer tent <}Khlr»«t luto tJieleft inlet iibital rein Bliek irroni 
iiKlitate ioitide in riglit Side ot lienrt White arrows iiidicnte niios projecting 
from 1 part Tins does not contain iodide, and therefore is not a dil ite 1 eanliat 
<Uamler (Operation showed this nia«s to be a jortioa of hrer which had pro 
tru<led through a diaphragmatic hernii into the pericardial «ac ) 


arcs IG, 17, and 18 This patient has been described in gicatei 
detail elsewhere** 

Ilemiutions through the diaphragm and into the pericardial 
sae are roie jet nco!>iiJtioji of them is important because the indi 
vidnal’s simptoms can be complettlj rclieaed bj replacement of 



\Li i ij- s 



1 (K IS 8anu> patient as Ti ^ 1(> an t t7 l‘o>> operative hloi of I east after 
Tiplaicment of lole of liwr into nl lonitn an I rep'vir of diaplirasruacu 
ptrK irJinl defeet 


(lie abdominal Mseera into their proper position, follonintf (his vvidi 
!i suitable i-opair of the tliapliragtn and the pcneaidmm 


TETRALOGY OF FALLOT 


A ne\\ chaptei is being \xntten in the treatment of eonRcnitnl 
heait disease bj the outstanding nork of Blalock and Taussig ‘ ” 
wfucii 2ias appeared n/thm the iast lear tum evj/erienec hi 


this field IS too limited to ivai 
rant recording it here, but I 
would like to make a few com 
ments on this important work, 
the full details of which aie 
aNGiUable in the publications of 
Blalock and Taussig 

The description bj Fallot 
of a combination of anatomical 
abnormalities senes to focm 
attention upon certain patients 
in the so called “c.ranotic 
gionp” of congenital beait dis 
ease This docs not include all 
induidunls who hase had c} 
anosis since birth, but it does 
appB to about three-fourths of 
them The chmcal and path© 
logical findings have been well 
described bv Abbott and manj 
other cardiologists and pitholo 
gists The studies in pathologic 
anatomj, which liaie conic 
from various sources during the 
past half century, hai e given a 
broad foundation for under 
standing* of eangewfal heart 
disease, but we have been de- 
nied therapeutic advances until 



Pij: to SVeltli el owing fuiidamentnl 
plijsiological 'ibuorm'ihties m an indi 
ri<}ui} mth a tefratog; of FalJot The 
aorta is slnftod tn <urh a nav that it 
o\miUcs both ventrioes and receives 
Wool from both of the«e chambers 
TLere is an obstruction (la some ca'cs 
an atresia) at the orifice of tlie puJ 
nionarv arterj , this nii\ involve the 
raUe, first portion of the nrterv, or 
the pulmonarv conus liclow tho valve 
The two important f-ctors which con 
t«h«tc to evanogis ar^ (2) the direct 
propulsion of venoos blood from the 
right ventricle into the aorta and (2) 
an obstruction m the ftr«t part of the 
pulraunarj arterj giving a diminished 
flow of blood into the lungs 


recentlj , when a change in thinking occurred and attention became 
focused on the pathologic phvsioit^ of these patients Investiga 
lions such as those of Barclav, e/ al,' Burwell and Eppinger,* * ' 
and others, have turned the spotlight from a mere listing of ana 
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tomicil \ iiiaiiN and ha\c broujit out intooliai mow uliat is 
on in llie livinj' palicnlwith \aii(nis t\i ts of r irilM< mah irmitifns 
■\\itli an cxcccclingli nth baclgrouml of mam \cu-s i imiiianls 
with eoiigonital licirt disease Dr 1 uissi„r ), ,s (oinfed out ind 
stressed the simple fact that individuals «itli a tctiaiogs of Fallot 
are not getlmg sufTieient blood tluo\uh tht liiivs f i owgenation 
With this conviction she Ins enlisted the stmets if Dr Alfred 
Blalotk who lias long had a partituhr interest m manv brandies 
of vasevdar surgerj The cardiologist has firml> mdicsted the de 
sirabilit} of Retting moie blood into the pulmoinr} riiciiit aid the 
surgeon has devisul the wij for attaining this goal Tht results 
of these eomliintd efforts are lam sine familiir to all of vou and 
thej stand as a brilliant example of what can be accomplished b^ 
the pooling of interests lapacitKS and facilities foi making i 
united frontal attiiik on a medical iiroblcm 

From a physiologic view jKunt the individual witli tetialogj of 
I allot has tvv o fundamental distnibancos to account for his cy ancvsis 
and the debilitating elTecls which an produced bv the ejanofie 
state (Figure 19) First then is some intermixture ot blood be 
pause the aorta In virtue of a dextro fosition of its oiifict neeivcs 
blood from both the left and the lulit veniritics Isothing can le 
done to correct this iDlcrmixtuio "^ceond there is some stenosis 
(if the pulmonarv conus tht pulmonic valve or the fiiNt j orfion 
of the pulmonary artery — my one of which diminishts the flow 
ot blood iDto the lungs This physiological de/icit cun be overcome 
by the stiigic il establishment of a shunt between the aoita and the 
inilmonaiy artery to allow moio blood to pass into the lungs TIic 
production of sucli a dstnla is the essential feature of the Blalock 
operation 

Blalock has devised several methods for producing a chanml 
to increase tlu pulmonarv blood flow (Figure ‘’0) Tlie left sub 
elavian arterv has been divtdtd at the base of the neck and its 
proximal end turned downward ind joined to the pulmonary aifcry 
Such shunts are beneficial but are frequently of msuffieicnt size 
lunco larger arteries hove been emploved such as the left common 
carotid or the innominate for making the fistulae In general tlie 
innominate artery anastomosis lias given a shunt of appropriate 
size 

These operations have coined moitality ijtes which are not 
prohibitive when one considers (he desperate condition of many 
of these patients Tlie mivlts of operation appear to bo somewhat 
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\aJiable For 'some of these children there has b(en a neu lease on 
life and tlie smgicil accomphshirent must bt classed as brilliant 
For most ot the mdnuhials, consideiahlc degrees ot iinpiovement 
hiio tho nth I?i j irfafiieJ.i small «« 7 ?il;er there has been a 
failuic It lb scr^ satisfying to see individuals who have been im 



1 g .0 OficJil (iiiui'iUCii employed by Rlilork tor tnerenswg the flon of 
blojil into the pulruonary «v«tetn Left — The mnommate artery hns been di 
eidetl at the base of tho neck nod (his vessel (urned doicnusnl for anastomosis 
to the Tight pulmoaarv artery Jtijiht— The left subclnvmn nrterv hag been 
divided at the base of the neck nnd turned dovninard so thdt it esn be joined 
to the pulmonary artery The left rommou rnrotid artery has been u<ed in 
some instances The techniques haee usually been end to side anastomebos hut 
m some ca«ea a branch of the pulmonary artery has t^en divided and end to 
enl unions have been made between the arterial system and the pulmonirv 
nrtery of the lung root 

])ro\cd bj this operation The cjano^iis is modcratelv oi mu Redly 
dimiHishcd, and objeettve measurements of thi!» can be found tn the 
postoperative increase of the oxygen saliiralion of aiterial blood 
and 111 tho dinuniilion of the policy Ibemia Furthermore indivjd 
tials who have had ONtiemc bmitation of activity and who seldom 
did anything more than squat on the floor, cm now walk oi run 
for extended distances 

Tveo general problemti apparently need further attention and 
it IS rcasojinblc to assume that progress along these lines will be 
made in the future The first concerns itself with the selection of 
cases for operation At tho present time the mam method for pick 
mg out the mdivulnal with a small pulmonary blood flow is by 
roeutgciiographic demoiistratiou of a small piilmounry artery 
Furtlicrmort^ fheic sliould be no cvideiict of pulmonaty congestion 
It would he very dcbirahle to have more exact methods lor identify- 
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iiiK indivjdunls uith i markedlj dtmmtthcd pulmonaij flow be 
cause Jt IS in tins grot»|) that the most itrornismg rasiilfs can be 
obtained lj\ surgical means f athetcrizatjoii of tlie right auricle 
and the ri„lil acntriele as well as the vesscK connected with this 
latter chambci can j icld data indicattn^ pressures in various parts 
of the svstom and can piocurc blood samples from these rariotis 
iieas for determination of their oxygen content It is theiefore pos 
sible under some tircumsJanecs to compute the pulmonary flow 
m an approximate manner Bnrwell and Dexter have made obscr 
vations of fins sort and I haxc Jiltle doubt that such examinations 
will be more widely used in the future It is of couinc, more diffi 
cult to tmploj the cathctei lcthin<|iic in children but with proper 
sedation or possiblj with generd anesthesia it is fpntc probable 
that these tests can be made on subjects at jom ger ages than was 
formerh thought possible 

The second problem is conecriied with tbe development of better 
methods for cstablislung a shunt between the aorta and the pul 
moinn system Many of the subclav laii artery anastomoses have 
apparently given n shunt of too small size for optimum results but 
the me of the left common carotid or the innominale arten has 
sometimes led to cerebral ischemia and a distressing hcmiphegia 
While tlte neurological disorders apfiarcntly improve in time they 
arc comiilicafions which can gieafly mar an otherwise favorable 
outcome Blalocks observations have conclusively demonstrated 
the correctness of the fundamental principle that a shunt between 
the aorta and pulmonarv arten has beneficial effects for an indi 
viilual with a tetralogy of Fallot but I am not at all sure tliat the 
best raetbod for making this shunt has vet been brought forth 
Tlierc is every reason to believe that another method vrill be de 
V eloped so that the cerebral circulation can be left intact while 
establishing an opening of proper size between the aorta and the 
pulmonary artery 

One cannot deny the fact that these operations make a compli 
cited ibnormahty indeed somewhat more complicated There is 
no chance of restoring a normal cardiovascular arrangement to 
tUeso individuals However the shortcomings ebould not m anv 
way detract from the tremendonx advances which have I cen made 
by bunging to these miserable patients a more normal aprearanec 
a greater capacity for physical cxereise and abso a diminution iii 
the threat of thiomboses which previously existed because of tic 
polycythemia 



RIGHT AORTIC \RCH 

Apparentl,\ nothing ni a surgical Ins e\ri been attempted 
for treatment of a right aortic arch which gives rise to symptoms 
While the vast majontv ol such abnoimahtics are beyond the pos 
sibilities of singical relief there are some eircumstanecs iradci 
which this might bo attompteit In passing, I would like to record 
briefly several thoughts which T have had on this mattei 

A right aortic aich miy he combined with othei seveie cardiac 
ahnoimalities, but in many instances it appeals alone The most 
common form of a right aortic arch is that in which (he asecnding 
aorta projects to the light of the tiachea oi esophagus and then 
to the left behind the esophagus continuing downward as the de 
sccnding aorta (not on the right side of the bodv but .a little to 
the right of the normal position foi a descending aorti) Great 
variations miv occur in the large ortciits which arise from the 
aortic arch, regarding the points oi origin from tlvc arch and also 
their positions ns they course upward to reach the exits of the 
thoracic cage 

Three geneial aspects of right aoiiic malfoimations descivo 
specific consideration because ihev raise the imsiibihties of surgical 
treatment m some patients (1) The arch maj rest upon the right 
upper lobe bronchus and produce atelectasis or obstructive empln 
scraa in this portwii of tlie lung While the ai ch cannot be removed 
therefrom, it might be expedient to excise the light upper lobe if 
tins structuie becomes the seat of rccuricnt infection (2) In some 
cases, an artery aiises fiom tin aieb to the right of the midlinc 
Thus a left common eaiolid artoiv oi a (left) innominate artciv 
can pass over in front of the Iraehea as it runs to the left apex of 
the cliest In this way, the arterv mav be stretched lilvC a bow 
string aeioss the traehei and give iiso to symptoms of tracheal 
compression The trachea could be relieved of this pressuic b\ 
duading the vessel or better still bv displacing the vessel forward 
and anchoring it to the back of the sternum (3) The pulraonarv 
arten , by v irtue of its attachment to the aorta through the ductus 
artciiosus or ligamentum aitenosum, is pulled backward liocaiisc 
of the posterior displacement of the areh Thus the pulmonaiv 
irtcry can he pulled agimst the fiont of the tiachea mawav tint 
compresses it There should be httle dilTiciiUv m division of the 
ductus, or the ligamentum artenosum, to allow the pulmonary 
artery to fall foiwatd and thus give more room for the trachea and 

esophagus f39j 
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\ right “iortie arch wanllj rise to few or no sMnptoros 
Ttid t]ie abnoinnliti maj he onh of aiademic inteust IIo\\e\ei 
It I'r possibk foi a mimber ol complamts to come from these tiul 
formations ns js slionn h> ihe leporti, of Renanclei ” Spragii 
rl (il ** nnd Gross and \\are“ et eeten There maj le dssphn i 
stridor drspnen cjanosis honrseness cough nnd pain in the upi ri 
portions of the chest 

Jfi attention n is (Imnn to the ilierapeiitic possibilities of sur 
„en in this field In the post moitcm findings in a four month old 
bibj who died bcenuse of eom| lieations arising from one of tliesi 
nbnornniities Tins child had had difiieults in brenthmg and m 
feeding since biitli silicons often eollectcd in the throat and ga\e 
rise to coughing but there was lurei 303 c3nnosis The coughing 
md the colleetioii oC mneous were moic trouhlcsorae when the lnb\ 
\ ns l3izig on her bad \Miilc hesitation m swallowing had been 
present since Inrth tins had Iteeomc more tmvked in the last month 
of life inieii urged to take moic linn an ounce or two at s time 
she insariabl) spat uj some of the formula Tlip rcspirituns were 
quite noiS5 and there was on mspiraton ciow B3 \ n) esnmina 
tion of the chest there was some peribronchitis Imt no other im 
portant chaii„c in the lung fields When the esophagus was visual 
ired with a sw dlow of barium it was endenfh pushed forward bv 
some mass at the leiol of tin third or fourth tliorneic sertebra At 
this same gencnl lesel the trachea was nai rowed abose the carma 
b} something which pressed on its anterior surface The state of 
health was precarious the pulmonars infection increased and m 
spite of i gastrostom3 which w is cslablishcd foi feeding purposes 
the child succumbed At antops> diffuse bronchopneumonia and 
i irlj bilateral enip5emata were found The transverse part of the 
aortic arch laa to the right of tho tucliea and esophagus and the 
third portion of the arcli passed behind the esophagus The anterior 
SHiface of the trachea was compressed b> the pulmoiiam at fen 
wliiih ava> drawn against it because of an attachment through a 
pitcnt duetus arteriosus to the lostenorlj displaced lortic areli 
riuthermore the left common carotid art try arost from the ascend 
iiig aorta and lai tiglith across the fiont of the trachea as it 
coursed upward and to the left The jost mortem findings sug 
gesftd tint the child might ha\c been lelieicd hi dnisinn of the 
patent ductus arteriosus (to allow tie pulmonnrj artcij to fall 
fonrard) uul also b\ dislocation of the left common carotid arten 
III such a wa) tint it could lie rcmotid fiom the trachea 



DOUBLE AORTIC ARCH 

There are on reeoid some descriptions of hnmau subjects in 
wliom the ascending aorta splits into two limbs, vrliich encircle the 
esophagus and trachea or only the traciiea, and then joui to form 
the descending aorta In the normal deielopment of the aortic 
arcli, only the left fourth branchial arteiy persists to form the 
definitive arterial sjstem*® If, however, both the right and left 
branchial arteries persist, then the abnormality under consideration 
becomes established This malformation has been vanouslv called 
‘‘double aortic arch,” “bifid aortic arch," “split aortic arch,” 
et cetera In a few examples the anterior limb has been obliterated 
in part or entirety , leaving a fibrous cord In most instances botli 
of the limbs are patent and carry blood In verj rare cases the two 
branches are equal in size In the majority, the anterior (left) arch 
IS somewhat smaller than the posterior (right) one The division 
of the aortic arch mto two channels implies that these limbs sur 
round some mediastinal structure In at least three instances the 
trachea alone has been eiicompa^d, but in all others the esophagus 
as well as the trachea has iwn encircled 

A double aortic arch may give rise to no sjTuptoms, indeed, 
the majority of specimens whidi have been described have come 
from autopsj examination (or anatomical dissection) of elderlj 
subjects who apparently had no important impairment of health 
from the malformation Such freedom from complications is not 
universal The presence or absence of symptoms will depend upon 
how much room is available between the two limbs of the aortic 
arch If sufficient space is present, it is obvious that the trachea 
will not be compressed, and the esophagus can displace forward 
during the act of deglutition However, if the “vascular ring” — 
if sucli It may be called — ^is small, there will be encroachment upon 
the esophagus and trachea If these complications appear, they 
are evtreroeJ^ a/«l fn do iso wjIJuu the first ,v ear of life,, and dy^hiigia 
or stridor become outstanding complaints Frequently, there is a 
recurring traeheo-bronchitis and indeed, death is prone to occur 
from superimposed pulmonary infection 

IVolman** has vei"} precisely described the clinical picture 
which IS presented bi these infants, and our observations are quite 
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stmit-ir to his> Djsphagia awl juirticvilatlj stndoi vj jwai bhotUy 
aftci birth and are persistent These may be mild oi thev may be 
severe tliej eiu continue until death supervenes oi suigical rebef 
IS instituted flic rcspiritions are noisv and vvleezing and they 
often have a crowing qmlitj Rctnetion m the supriitenial and 
intercostal spaces is iisnaUv found There mav be a lecurrcnt 
liarsli or brassy nonprodnctiTc cough The en is hoarse The 
rcspinfoiy rate mav be maiJodlj elevated Wicn the child swal 
lows fluid or solid food the respiratory noises are accentuated and 
at times mild oi moderate cynnosis may appear Swallowing is slow 
and the Inhy might have to rest at fieejuent intervals to improve 
the breathmg Infections of the traclico bronchial tree and the 
pulmonary pnrenclivma are presumably m some wav stirred up 
or melted by the compression of the trachea thev nnv also develop 
from spill over of food into the air passages 

The roentgenologist” can leeognizc these abnoimilities with a 
considciahle degree of necuracy dnrmg life A swallow of barium 
permits visualwatwn of the csophagvis which mav show little dis 
turbaneo in the anterior posterior view hut winch will be disphced 
forward at the level of the third or fourth thotacie vertebra The 
size of the sfnictme behind the esofliagus may or may not be as 
hrge as that seen m a right sortie arch The filling defect on the 
posterior wall of tlic csophams has a transverse direction and does 
not liave tlie obliquity which will be described later in the scetiou 
on anomalous right subclavian aitcrv The trachea can be studied 
by antcio posterior and lateral flms of proper densitv It is usually 
possible to visualize the trachea because of its air content and to 
asecitam any deformity which is present If such visualization is 
unsatisfactory lipiodol can lie inserted or sprayed into the larynv 
(without anesthesia) and excellent delineation of the trachea ob 
tamed By this means a latcial film will show compression of the 
anteiior surface of the trachea just above the carma 

Suigical therapy is now available for this abnormalitv even in 
the smallest of subjects It is impossible m most cases to divide the 
posterior aortic limb since this is almost alwavs the larger of the 
two channels However by severing some portion of the anterior 
(left) limb the vascular ring tan be broken and suffiiient room 
can be made for the trachea and esophagus Just where the anterior 
limb should be divided wall depend upon the size of the various 
portions of this limb havang due consideration for maintaining an 
adequate flow to the vessels which might arise fiom this stnicture 
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The exact arrangement of the great \esseis and the details of the 
opeiative procedure emplojed for alIe\tition of tracheal compies 
s'on ha%e been more fnllj presented in pre^^ous commimica 
tions’® 

I ha-\e had very fortunate experiences with surgical treatment 
in two patients with these abnormilities The first was a nmt 
months old child who first came to the hospital at four months of 
age with a complaint of wheezing respirations since birth Be 
cause of a widened superior mediastinal shadow which was thought 



Fig SI Sketch of double aortic arch from & fire months old bab^ trbo lad 
symptoms and roentgenographic eeidence of compression of the eaopl agua nn I 
tie trachea Double aortic arch as fount at surgical exploration 
Fig 2“’ Operatice proeelure camel out for double aortic arch Blown 
Fig 21 Tie interior 1 mb of the aorta las been divide 1 between the orig i h 
of tl e left common carotid arterr and the left subclavian artery The left 
common carotid arten 1 is then been tnckel to the bick of the sternum s 
tl at it will not pre«s on the antcnor «urface of the trachea Bv tl is proceluri 
the cl lid has been con pletelv relieve 1 of svmptoms 

to represent an enlarged thjmus x rav irndiation was given with 
out relief The child was hospitalized at three subsequent times 
for ittaehs of acute tnchco bronchitis during each of which tiu 
babv was seriouslj ill The thenpv on cich occasion included the 
use of a steam room administration of oxj gen appropriate chemo- 
therapj and other supportive mcisures During these times the 
child was ill enough to he on the dinger list With the care indi 
cited, the Inbj survived cich of these episodes of infection Fmallv 
suspecting some underlv mg initomieal ibnormalitj the esoph igus 
and trachea* were v isualized by rocntgenograpbic means and ch inges 
V ere found ns indicated m a preceding paragraph Exploration 
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was peiformed throiiRh a left anterolateral approach iravci-sing 
the plcuial ciMtj, and entering the mediastinum tliroiigh its left 
side A doiihle aortic arch was found, from the posterior limb of 
nhich came Ihi innominate arter 3 and from the anterior limb there 
aiose the left common enrotid and the left subelasian artiiics It 
seemed best to divide the anterior aortic limb befwien flu orignis 
of the left common csrotid and th< lett subcUvnn arferv This 
immediately rtlitvcd the sterferoos breathing and the rcspiiatorj 
sounds diminished almost to normal Itnfoitimateh the left com 
mon carotid artery ms left lesting upon the trachea in ,i wav which 
Ins given this child some residual sy-mptoms Although greatly re 
Iicved from the preoperatne state, the individual still has some 
persistent diffleultios 

The second patient v\,a3 a five month old babv who entered the 
hospital because of stiulor, cough, fever, and rtspiraton infection 
of two weeks duration The child was quite cvanotic and was m 
severe distress Tlicre was marked intercostal retraction He vt.is 
placed in n steam loom, givtn oxygen, penicillin and sulfadiannc 
For two divs his condition was serious enough to require the use 
of various stimulants, but following thts period be gradnallv im 
]iTovcd and was discharged apparintly free of infection on the 
nineteenth day Two months liter there was ogiin cough noisw, 
respirations, piogiessive anorexia, and weight loss Kointgenologic 
studies allowed compression of the esophagus from behind and flat 
tenmg of the tiaehea from the front At surgical exploration 
(Figure 21), again by w.i} of the left pleural cavity, the superior 
mediastinum was dissected without difficulty and an abnoimalitj 
was found which was precisely the same as that described in the 
last case The anterior aortic limb was divided as before, but in 
addition, the left common carotid artery was held fonvard and 
awav from the trachea by anchoring it to the hick of the sternum 
with seweral interrupted silk sutures (Figure 22) The respiia 
tions novv^ became quiet and entirely normal The left lung was ri 
expanded .md the chest was closed Following opLration the residual 
respiratoi-y infection rapidly responded to treatment and the hahv 
was discharged from the hospital on the twelfth dav Since tint 
time the child his been normal in erery way Ho swallows witliout 
hesitation, his had no sfndoi or other respiratory symptoms of 
any kind There has been a rapid gam of weight and the parents 
are delighted with the rcsnll which his been obtained * 



ANOMALOUS RIGHT SUBCLAVIAN ARTERY 

“Djsphagia liisoria’ is a condition m which hesitanc\ m siial 
Jownig occurs because of pressure on the esophagus hi un 
anomalous right subold\ian arterj In these patients the right 
suhclaiian arfeij, instead of ansing in a normal i\a\ from the 
innominate aiteri, lias an origin from the left side of the aortic 
arcli so that the lessel must course mmird and to the right cross 
mg the midlme to icath its noimal exit on the right side of the 
thoracic cage Holrapfel* made a stud\ of 133 specimens and 
found that the artci"} ran behind the esophagus in 107 oases, be 
tween the esophagus and trachea m twentj, and in front of the 
tnehen in six The \esscl usuallj ciosses the mullinc of the hodi 
at about the Iciel of the third dorsal lertebra Tin, first authentic 
report of this iibnormnhtx was moie than tuo centuries ago, ap 
parenth ba Hunauld in 1735 Particuhi attention uas draun to 
the malformation bj an exceedingly well dcseiibcd and rllnstrated 
leport of Bniford*' m 1794 Por mam jeare he had attended a 
uoman uho hid had marked difReultj in swillowmg whieli had 
progiessed to the point where she was emaciated and w is m an ad 
lanced stage of stariation She was icmoicd to the count! alms 
house where she oaontually died At autopsi the csophigus itself 
was normal but it was indented bj an anomalons right subclavian 
arten which arose from the left side of the aortic aich To tins 
clinical and pathological state he ascribed the name of dijsphaym 
iusorifi, indicating thereby that the dysphagia was due to a Iushs 
naliaac {a freak or deception of nature) 

An anomalous right subclavian artery docs not neccssuih gne 
use to syTnptoms indeed it does not do so in the majoiity of in 
stances It may, ho!!c\cr, i»ress on the esophagus sufficienth so 
that the patient complains of hesitancy or discomfort during tliL 
act of deglutition This may in no yyay impaii the generil licallh 
oi‘’file pirtum', anxi" rth? svnipAnmrnngiV nui‘ imTeiisc uAmug" atfinV 
life IIoyTcycr, there are frequent obseryatious to indicate that 
dysphagn lusorn may become more pionounccd yyilh adyancnig 
years Tins aggrayation of symptoms is related to incrcised iigulity 
of the great yesscls in later life or to dihfition of the siibclainn 
artery or the aortic arch m such a yvav that greater prcssuic is 
exerted on the esophageal tube 
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The loctitgiiiologist can now delect the picsenn of this ab 
normalit\ with !,reat ccrtainlj \ isuahzntion of the csopha„'US l)^ 
n barium bw lUow shows, that it is comprebsed iisiull> on its pos 
tenor siiifiee In some long mnw Btnictiire extemling upward 
and to the right in an oblnjuc direction The proportions of this 
filling defect correspond to thit which one would suspect liom the 
size of the subchvian artcrj The esophageal defect will he it the 



Fig 23 Sketrli of an anomnlous right fulctai ■lo artery which lacks its norm I 
origin from tie innominate arten lul losteaO arises ihrectly from the left 
side of tie flortie nr 1 Oporniitc finliifts from *i four raosthsolJ babv wl 
had dilticuttr in snnllowing 

Iig 24 Tvpi of oiirntion nirriel ut for nbiormaliti shown in Tig "S 
Tie right solchrnn nrtcrj was duul l> Iignte) ml tlriled s tint it ' la 
con pletely d 'plai’C I frod ilsnIrocJll „eilp«)*Jtoi 

lend of the tlurd or fourth llior icic nertebra Theic is usii ill\ little 
or no dilatation of the csopliagtis above tins aiea While the sub 
davian artery is usually on the [lostcrior wall of the esophagus 
Neuhauser * has sliown an esampic (unproved) of the vessel cours 
mg between the esophagus and the tuchea 

It IS possible to divide the first portion of a subcUvian artery 
without seiious impairment of blood flow to the corresponding 
•ssv?. Oil.WA’id. WvI«c>a camanmuflaift. TCcth. Uui ‘saaao/l and 

third portions of the subchvian aitery and with the axillary 
artery are sufficiint to maiiilnin an adetjuale llovr of blood to the 
arm This has been extensively studied bv Hoisted and more 
recently has been substajituted by the wrics of cases reported by 
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BHloek*® m \\hich this \essel has been se\cre(i without anj deleteri 
ous effects upon the arm These observntions at once make it evi 
dent tint a patient nith dysphagia lusona can be completelj rc 
lie\ed of symptoms by division of the anomalous sub(la%nn arterj 
so that it IS removed from the posterior mediastinum 

\\ e have had the opportumt 3 to stndi the effects of such in 
operatue procedure on a four month old infant ^%ho Ind Ind dis 
tiess since about one month of age” Difficultj in s\^alIo^\lng m 
creased since that time Whene\er the child would attempt to 
sucUc he would immediatch stiffen up « ith pam and ould erj 
After subsidence of this discomfort lesiimption of feeding would 
again bring on a spell of crjing There was occasional regurgita 
tion of mill At some feedings the child would tal e the full amount 
of formula hnt frequcntlj he would not swallow more than an 
ounce or two In order to maintain the bah% m a satlsfacto^^ st itc 
of nourishment it iiad become neccssaty to gne him fifteen to 
twentj small feedings per daj The general plusical cKammation 
was negative Ohsenation m the hospital sliowed that man> feed 
mgs were taken well but at other times onl> a small amount of mill 
could he ingested Aftei roentgeiiologie c'cammation of the csopha 
gns Dr Edward Isculiauscr found a posterior esophageal defect 
such as above described Iho chest was explored through a left 
antero-lateral thoracic approach tra\crsmg the left pleuial caaitv 
(Figure 23) Without difficultj the supcrioi mediastinum could 
bo dissected and an anomalous right sitbclanan arterj w as found 
passing upward and to the right between the esophagus and the 
sertebral column The \esscl was doubh ligated and duided m 
such a waj that its distal end was allowed to retract to the patient s 
right bejond the esophagus (Figure 24) Following operation 
this child has had an cxtrcmclv satisfaetorj course and has not had 
the slightest hesitancj m swallowing 

While an anomalous right subcIaMau arterj is i malformation 
which usual] j does not give rise to important s^^nptoms theie are 
some indiviifuafs who can obnonsfj 6c licfped 6^ this surgical pro 
cedure which is not difficult to pci form Whenever there is any 
serious impanment of licaltli ccrtainlj this therapv should he ad 
vised Indeed when there are difficulties which do not necessarily 
endanger life but which are nevertheless quite disagreeable opera 
tion could bring comfort and relief 



COARCTATION OF THE \ORTA 

Coarctation of tlie aoiti is a « uromii" or complete olistiuction 
of tin aoifa Tlit lesion has bcU* classifid as a coiifrcnitai one but 
llic I'cact mtfue of the oblilcrAl*'© process is not cntiielj clear 


file f ut that eoircfatiou appeal^ 



1 g 2> Srec men of toarctaUon of 
ft p aorta from a t »e ity five >ear old 
\\o nan who il ed from JDlrncrm al 
lenorrlagp Troni nnnaell and 
J es Br tisli Heart Joum if J 21 » 
latl Tic coar tati oppeara jut 
I eyon 1 tl e origin of the left *ut 
pla\ n ncterv 


J that part of the aort i adjacent 
to or near the hgamentum at 
toriosiim suK'r'?‘‘l'< that the de 
'SSWfiT'iVfvt- t^fiim^ Vrrnhi is 
concerned with closure of the 
ductus has in some waa m 
\»hed the aortic wall Thcie 
have been a fiw ilcsciiptions 
of coarctations which occurred 
in the abdominal oi in the 
lowct llioiicie portions of the 
mrl i In most instanees it is 
found in tin distal part of fin. 
aortic arch or m the uppermost 
so^ieiit ot the descending 
aorta so that it is near the 
ductus irtinosus oi its oblit 
erated reinnant the ligamen 
turn artenosum Coarctation 
has l>ci.n said to occur about 
oiici, in every 1000 to I'iOO rou 
tine ]>ostmortem esnmiiiations 
Pathologists liavi sepjiated tin 
al normalities into two gtncral 
groups in a w u which is some 
wlnt superficial hut winch lias 
some practical importance In 
the jn/«»ififc tjpi. there is a 
verj long s=t,ment throughout 
Tvltmih 'Ts 


or ohhtented This narrowing found in the aortic arch par 
ticuhrh m its distil one thud of ont half so tlint tlic left sub 
claviau arterj niid possiblj the left common carotid irterj uciivc 
a poor supplj of blood Ihis form is rnuallj associated with other 
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se\cre cirdiac abnoinnlities and gpucralh is incompatible ^\ith 
life foi more than a few weelvs oi months In the adult tjpe of 
coarctation the constiiction is limited to a ^er^ short segment and 
appears just at or bciond tlit origin of the left subclaiiau arterj 
(Figure 2)) In this tjpe the heart usuallv shows no congenital 
malformation or if such is piescnt it is apt to be of a minor \aiiet 5 
It IS apt to he of a minor \arict\ 

Induiduals with an adult tvpe of coarctation have a variable 
pro Tiosis regarding general health and longev itj of life OecasiomI 
pitientshve to in advanced age and liave httio or no incapacitation 
hut tlie mijontj of them develop complications of serious or even 
fatal significance (1) A localized or dissecting anourvsm maj 
appear This mav involve the aorta above the obstruction but fre- 
qnentlv it is found in the lowet aortic segment Such dilatition is 
aft€n on the basis of arfcriosclcrotie dtgenerution but it can also 
appear in a wall which is free of arlei losclorosis and which is thin 
beoauve the media is deficient in <)i»ttc iissut (2) There mav be 
rupture of the upper oi lower aortic segment and a sudden death 
Rupture does not ncees.sarilv depend upon a pie-txislni^ Jnpei 
tension In a personal communication Dr Samuel Levine Ins told 
me of one woman twentv three years of ago wJio was previousJv 
1 novvn to hive a noimal hlooil pressure in the arms but who had a 
sudden exodus fiom rupture of the aorta duruig the eaiij pait of 
pregnanev (3) Tlie vascular ihnoimahtj mav be the seat of super 
imposed infection cspecmllv with ore.anisms of the streptococcus 
undans tvpe (4) The blood pressure in the upper part of the 
bodv maj become tlev ated and with this maj follow all of tlic ill 
effects and hazards of the h> perttnsive state "Manj of the fatalities 
in individuals vvntli coarctation of the aorta are on the basis of 
cardiac failure or intracranial beinorrliagc 

In general coarctation of the aorta produces little or uo dis 
turbances in childhood and indeed it mav go unnoticed Freedom 
from complications in this age period cannot he regarded as an 
indication that the individual wall subsequent!} continue through 
life and be immoloted bv the malformation which he possesses 
Indeed the interrogation of adult patients has usuallv impressed 
me with the fact that thv} look back upon their childhood or ado 
lesoent } ears as being free of sv mpfonis and as having no limitation 
m phjsical activitj or alhlotie endeavors As one rev lews prov lous 
studies such as that made bv Blaekforvl” on 196 autopsied cases 
the Serious nature of coarctation of the aorta is at once evident 
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^loro than 40 per cent of the indnidaals died betMcen the ages 
of sixteen and thl^t^ jtars This is in striking contrast to the low 
mortalitj rale m this age period — the prime of lite — loi the general 
population It IS true of course that pifhologic studies might tend 
to overemphasize the peiih, of coarctation because indiiiduals who 
ha\e died from it tend to be reported whereas those who have 
died from other causes might not be dcsciibed in medical literature 
Wide it IS freoh admitted that some people ma^ eair\ a eoarcta 
tion into well ndsaiiecd 3 ears this docs not sitiate the fact that a 
high peiecntage of these patients arc being cut off in carh adult 
life because of the abnormalit) oi one of its \ irioiis complications 
Coarctation of the aorta can lie lecognized with great ease The 
important point in its detection is the finding of an abnormal 
pressure ulationslup m the arms and legs Artciial pulsations in 
the femoral \e!>4.ols (aud in other arteries below this level) me 
greatlj diminished oi ibscnt In normal subjects the sjsfolic blood 
pressure of the legs sliould be tweiits to fortj millimeters of mcreurj 
higher than it is m the arms Whenescr pressures of equal magni 
tudo arc found in the arms and legs, one con suspect a mild aortic 
block When the picssurc in the lets is greatly below that in the 
arms one is certaiulj dealing with a high degree of aortic oh 
struotion In manj eiics of coarctation the iire&surc m the legs is 
greatly reduced and no sounds nn be lieaid when using the sphjg 
momanometer Hjiieifcnsion maj or may not exist in the anus In 
children and in a few fortunate adults the pressure in the arms 
mas be svitlim a normal range More eommonlj particularly in 
adults there is a moderate or marled elexation of diastolic and 
particularlj of systolic pressure in the uppei estienuties The 
heart may be somewhat enlarged If collateral arterial cliannels 
has e become well established many of these maj be detected during 
careful physical examination Palpation oscr the antero-latcral 
portions of the chest below the breast area maj indicate pulsating 
intercostal ai tones Sometimes palpation m the axilla mil show 
pulsation of vessels along the course of the long thoracic nerve 
Most freqiientlj pulsations can be felt and sometimes seen just 
Vfdiuw oiTii VTftdi’i'ii'i Vss.ax ot onttwic TbAsa xe;9xesant. 

greallj enlarged aiteiies within the sulistance of the trapezius or 
the latissimub dorsi muscles Tlic arteries at the base of tlie neck 
may have a heaving pulsation Alummrs are somewhat variable 
most commonly there is a systolic monnur of moderate intensity 
heard best over the left upper portion of the precordium but it is 
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fairlj %\eU ti uismittcd to the back iiirticuhrlj to the left of the 
spine If the loitic hlocka^ li complete tliere ma\ be no murmni 
It all Auscultation niaj re\ealsrstolie murmurs of other anomalies 
such as in inter\ entneular septal defect oi there mii be a contmn 
ous murmur in tlie pulmonic region suggestive of a patent ductus 
irtenosus Furthcrmoie large ind tortuous collateral irtciicsciii 



F g 26 Bgentgenofp-jdi of » tl >rt) jearold luan with a propel coarctation 
of the aorta T) e hoart is moderately enlarged Tl e aortic knob is jr/mller t) an 
normal There is note! mg of the inferior bot lets of the rib« some of ivl ich are 
indicated lij arrows 

gite rise to systolic or c\cn continuous murmurs particulirlj oiei 
fite scapular regions of the bick 

Roentgenologic examimtion (Figure 26) raij show some hjper 
tiophj of the heart partieularh if there is associated hj-pertension 
TJm? ntuy be smiifer tbss tw ihere /wsj Iw ■> 

Jack of fullness in tlic aorti in tbit portion which represents the 
junction between the loitic aicli and the descending aorta Of 
diagnostic importance is the notching of the inferior borders of 
the nbs These occur in the posterior or poslero-hteral paits of the 
libs and leprcscut ciosions of bone b^ tortuous and pulsating 
subjacent intercostal arteries Thej usuallj do not appear in the 
upper two or three nbs or in the lower few ribs It is exceedinglj 
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nic foi them to be found btforc sc\tii oi jearn ot i„'i but 
^senlniLscr^’ ln*< dcserilwd them in a babj nine months rid It js 
possible to AiMialize tbt Aortic arch and the aoita down to the point 
of obstruction bi the intr ucnoiis injection of 70 per cent diodrast 
and taking a tlicst film at the a\»propnite tnw aftei t!\e radio 
opujiie material has circulated through the lungs and Jieait and 
has been dcinered into the first portion of the arterial si stem \Yc 
ha\e cUarlj identified coarctation of the aorta bv tins muns 
Indniduiis «ith coirctation present \anible comphints In 
habits there maj he no sjmptoms and the condition ma\ be de 
teeted onij bj loutinc examination In some instances the murmm 
m ij draw the phjsician s attintion to the existing defect In the 
childhood 3 ears there mav be epistaxis or mild headaches In the 
teen ages lieidacht's maj become more prominent, and the subject 
mi\ bt conscious of n heart beat which is iinditlj forceful One 
man of tivcnlj tolunticred the mfonmfion tliat his fec-t and lower 
legs More frequcntlj cold hut that simultaiieoublj his head and 
shoulders iiould be hot and flushed He hkcnise noted that moder 
itc exercise such as running upstairs would pioduce weakness in 
Ins legs but that there uas concurrent pounding in his head and 
tins lias fuqucntii folloiied bi an cpisfaxts As n rule these indi 
iiduals arc ten well deielopcd in their physical stature indeed 
manv of them appear to be aborc average m (levclopmdit par 
ticuhilj m the upper part of the bodj Patients bejond tiientj or 
twontj file jciis of ige commonU notice a diminished tolerance 
for exercise Isot infrcfiuentl' patients m the late tvwuties and 
btjond hue svmptoms of frank cardiac failure Piin in the back 
should mal c one strongly suspect the piescnee of an oncurisin or 
at least of dilatition ot one of the aortic segmenfs and possiblj 
impending niptuie Pregnamv mov be tolerated fonh well jet 
tlie grand state and the mere iscd demands imposed bj the placcnfnl 
circulation appear to be a great hazaid for the mdmdtiol with an 
obstruction in the mam arterial pathwav Mentioned vbovc is one 
woman of tiienfj tliree who died of aortic ruptuie during carlj 
pregnancj I have had occasion to examine a second woman who 
MpjoJ Jlmowrh an initial prc^naiic^ fairij well but during a second 
one at the age of twentj four, she develoi»e<I left sided cardiac 
failure, from which she prcsumablj will not rccoicr 

An intcnsiie studi of the problem leaves little doubt of the 
hazards which must be faced by an individual with coarctation of 
the aort i It is ci ident that this is & cardio v Ascular abnormality 
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of a seiious sort •nlnch should excite attempts to bring relief bj 
suigical means Foiu general opeiatiic approaches seem possible 
(1) For those indniduals with liv pertension, an extensive sym 
pathectomj of the Smithwick tjpe is said to dimmish the pres 
sure, but we are set not ccitain how long these beneficial effects 
will last (2) The aortic obstruction could be bypassed bj sever- 
ing the left subclavian arterj at the base of the neck, and tuining 
its proximal end downward and anastomosing it to the aorta below 
the obstruction This general principle has been suggested bj Bla- 
lock and Park and its feasibilitv h*is been demonstrated bj woik 
upon dogs Tlie efficiencj of such a ]»rocediire in mm is somewhat 
doubttul boemsc the anastomalie channel thus established would 
prohablj be of msnfficient size Furthermore, the disruption of the 
subclavian artery would cut off manj important collateral chan 
nch which invanabh come from this vessel and its branches (3) 
The obstruction niiglit be removed fioro the aorta and a segment 
of vein or aorta from another subject implanted therein bj direct 
suture or b\ use of the Bhkemore** technique (4) The constricted 
psrt of the aorta might be removed and the aortic contimiU> re 
established bj anastomsis of the free ends of the vessel It is along 
this line of attack that alt of mj efforts have lieen directed The 
feasibilitv of such a pioccdure was demonstrated bj the animal 
evpeiimentation of Gross and Hufnagcl ** It was performed bv 
Crafooul** and has been further esiabhslied bj our etpcriences in 
seven cases as noted below 

ExPHimnsTAi, OnsravATioss 

From the lahoratorj wc wanted to gather information regard- 
ing two general questions First, could the upper part of tlie de 
scending aorta be cut m half and its ends re anastomosed w ith any 
icasonablo degree of sccuritj ? Second coaid a portion o! aoHa one 
or two centimeters in length, be icniovcd from the upper end of the 
dfsopndini' xmrfa, and was iherc sufBwcnt pJastjcity in the remain 
mg parts of the vessel to allow the ends to come together for estab 
ishment of a direct anastomosis! These experiments were begun 
m 1938 and met with numerous adversities Beenuse of other duties 
thej were suspended during the war I was later joined bj Dr 
CliarJcs Iliifnagel, who was excctdinglv helpful m the work, and 
foi whose assistance I am very grateful A number of animals, 
which had been sacrificed for other reasons, were used to practice 
steps ami to famihanze ourselves with the technical problems which 
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might be cneounteied m the li\mg dog In \cij young oi small 
animals, the aorta nas so thm that it did not appear to lia\e 
sufficient substance or toughness to permit manipulating it inth 
anj degree of safety In larger animats, beyond 25 or 30 pounds 
in iveight, the aorta was 


usually thick enough to be 
handled with ease Various 
tjpes of anastomoses were 
tried, most of them need 
not be considered here be 
cause tbej nere thought to 
be unreliable A tjpe of 
union winch seemed to be 
far superior to all others is 
that which is indicated lu 
Figure 27 The stitches are 
placed m such a way that 
the thread passes through 
entire thickness of aortic 
wall It is a continuous mat 
tress suture which turns Uie 
ends of the aorta outward 
and brings intima to m 
litna 

Much to our surprise and 
delight, it was found that a 
short segment of aorta could 



be remored and that an 


aortic reconstruction could Fig 27 (\> Experimental pro<.e<lQres 
still be performed "NVlien a employed for pricncwg operation on the 
upper tlioraeie sorta of dog* Jboif — 
segments as thus excised the EVpware ihreugl, . left pjetero ktetel 

ends of the aorta retracted meiaiou. JJefou — Ctest opened, mt(i 

from one another in a mast transpleural approach to the aorta 

t . vt Cisams hare bees appiiM to tho resvi 

distressing irat Houever, 

the remaining >essel was 

clastic enough so that approximation of the holding clamps would 
bring the ressel ends together otid permit a direct siitnre without 
tension while the anastomosis was being done 


After practicing these steps on dog cada\ers, living animals 
were emplojed and our convictions were confirmed that the aorta 
could be divided, that a short segment of it could he removed, and 
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that the continmtj of the vessel eould be reestablished (Figure 
27) Some data from sesemcen animals are included in tl i iccom 
pnnjing table 



F g 2 (□) M tl 0 I of reoonstTu lion of aorta Tl e dsn | s arc held b;^ tirsit 

stmt 80 tl nt tl e aort e ends are brought toget er nn I tl ere s no tens on 
on the •uture I ne Jur ng establ shment of the aaa«tomn8 s (1) \orta rotate I 
forrarl ant suture I egtin on tie bark sralt (S) Suture cunt nuel Lae! 
St tcl {issses tl rough the entire 1h rkneen of the aort e ^nll as a cont nuous 
msttreas crert ng st tcl (t) Back nail of aorta suture I an I tl e aorta I as nn 
1 pen unt i«tc 1 into its normal al gnroent Stitch is he ng cont nued anter orlv 
(4) ‘future cfmi|I tel F (Js of tic aorta are crerte 1 fS) Cross sect onai 
Mcv of mctlol of bring ng Jut n a to int nia anl hiroing tie ends nf tic 
aorta outn-arl 

Some remnrks might be made which arc pertinent to oiir 1 ibora 
torj studies Of prime importincc in reconstnieting an jortic tube 
so Ihit there would be no subsequent hemorrliatt was the meticulous 
apposition of the sesscl ends m such a waj that c\erA stitch was 
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placed M ith extreme catc, and that each mdiv idual stitch was drawn 
lip witli just the right tension If the anastomosis was properlj 
performed, there was little or no leakage from the suture line uhen 
the clamps ncrc remo%ed and there was verj little danger of 
hemorrhage subsequent to the operation Furthermore, it nas cvi 
dent that the local use of hemostatic agents or packs around the 
suture line was a len poor and unieliablc substitute for an accur 



Fig 28 Instrument inipro\>«e>l for 
rlampmg the aorta The jairsare stoot 
enough to &ito complete hemoMasi* 
amt >et ther hare <u(ticicnt resilience 
so that tliev ilo not crush the aortic 
n’xh The instrument is used trithont 
rubbers 



ate anastomosis Three dogs died 
of licmorrhage, one on the daj 
of operation, one on the follow 
mg das and the last on the 
fourth postoperatne day It was 
our impression that such bleed 
mg was duo to f uilts techniques and that with increasing cxpcii 
cnee this complication could he largcU asoided 

In none of these dogs was heparm or dicumarol implosed fol 


Fig 2a Specimen from nortic nrcli 
and thOTRCie aorta of a dog which 
WHS sacrificed three month* after et 
ciaion of 1 5 cm of the aorta and 
en 1 to en 1 suture of the resoel Arrow s 
«how the operative site The healing 
Ims teen excellent 


lowing operation In three animals there was some clot wnthin the 
fttmen a( the site of the anastomosis lit three others there were 
one or more jnn head sized thrombi on the suture line In general 
It was felt that clotting at the site of anastomosis was not an im 
portant obstacle to the performance of thesi. anastomoses 

The total obstruction of the aorta, as was necessitated by the 
applicition of clamps, naturallj raised certain questions concern 
mg the abHitj of the heart to w ithstand such a measure In general, 
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clamping of the aorta below the left subelanan arterj had httk 
effect upon the cardiac mechanism In some animals the heart 
%\oxild speed up slightlj or would dilate to a minor degree but in 
no instance did the heart stop or give eiidence of any important 
cmbaiTassment After performinct of an anastomosis removal of 
the clamps was apt to produce serious changes m the cardiac rate 
or activity and in one animal there was immediate cardiac failuie 
However when the clamps were removed slowly from the aorta 
circulatory adjustments could be made in a more gradual manner 
and were completeH satisfactory 

Double elamjis were placed upon the aorta above and below the 
region which was to be transected or excised, these instruments 
having the twofold function of afFoiding hemostasis and aKo of 
providing handles bj which the ends of the aorta could be pushed 
tow ard one another w hile the steps of suture wert being performed 
A number of standard instuimcnis were lestod to study flic u 
guiremcnts imposed by this opention \nv nibbei covered mstru 
ment was vvhollj unsuitable liceausc of the possibilifv of slij page 
on the aortic wall Kelly clamps full length clamps Kooher clamps 
et cetera had too much of a crushing cflett upon the vessel wall 
and appeared to be dangerous Furthermore they often grasped 
the side of the vessel which was toward the base of the jaws but 
simuUftncouslj might not grasp adcquatelj the opposite side of 
the wall which was toward the tip of the clamp Bethune tourni 
quets were fairlv useful but thev wrinblctl the stump of aortic 
wall so that it was often difficult to sew the ends of the vessel 
Finally two instruments (Fuurc 28) were revamiicd from Moyni 
han enterostomv clamps and these gave great satisfaction The 
ends were sawed off and the ends fitted with an interlocking peg 
so that the jaws would not wi^Ic sideways when closed The longi 
tudmal slit in the jaws insured against any side-slipping of the 
clamps on the grasped aorta Cross markings were filed on the jaws 
to preclude end slipping The jaws were just springy enough so 
that they would clutch an aorta without crushing it Post mortem 
studies have not shown any important damage to the aortic intima 
or to the outer wall at the sites where these clamps had been used 
A serious complication of these operations appeared m the form 
of bind leg paralvsis m some dogs Spinal cord examinations showed 
diffuse degenerative changes which had apparently resulted from 
local ischemia We were reasonably certain that siicli ischemia was 
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not present foUoning operation, because tiiese animals liad good 
femoral pulsations during the postoperatiic period, and there was 
an adequate lumen to the aortas when examined post mortem 
Hence, we could not escape the eonclusion tiiat tiie spinal cord 
damage occurred uhile the aorta was tcrapoianlj obstructed by 
clamps during the operation To stiidi further the effeets of 
temporarj obstruction of the aorta, especiallj in relation to spinal 
cord degeneiatiou and hindleg paialisis, twenty additional dogs 
were operated upon bj opening the chest, placing a clamp on the 
upper thoracic aorta foi a given period, and then releasing the 
clamp The dogs uere kept and obsericd for periods sarjmg fiom 
one week to two months following opemtion These animals, com- 
bined mth the seventeen which had been operated upon primanh 
foi se\erdnee and sitture of the aorta, provided a,* group of thirtj 
seven in which the aorta had been obstructed for periods v arsing 
from four minutes up to one honi each ‘^onie dogs with occlusion 
of the aorta foi fortj five mmutes or fiflv minutes developed no 
hind leg paralvsis, whereas others vnth shoiter obstiuction fchowed 
definite neurological damage In no instance did a paralj'sis de 
velop when the aorta had been obstructed for less than ten minutes 
Colson,” Carrel,* aud Blalock and Park” have pieviously com 
meiited upon the correlation of temporary aortic obstmetion and 
hindleg paraljsis Their remaiks, and oar personal observations, 
at first made ua fear that neurological changes m the spinal coid 
would prohibit any operations ou the aorta of man — procedures 
which could not possibly be completed in loss than fen mmutes 
However, it is highly important to point out that vvhen aortic opera- 
tions are performed in human subjects, there is extremely bttle 
hkeliliood of neurologic complications from temporary aortic ob 
striiction, because adequate collateial channels have been estab 
hsbed prior to operation 

Opervtions in Han 

To date, I have operated upon seven humans for coaietation of 
the aorta Some notes on these experiences, particularly the tech- 
nical aspects of operation, have been recorded cisowliere** ** In 
all of these eases exposure lias been through the back (Figure 30), 
using a long, curvilinear incision running from the level of the 
second thoracic vertebra downward and outward along the medial 
border of the scapula toward the posteiior avtllan line Traversing 
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the n'rtat muscles is aj t to Ijc sei^ slo\s and tedious because mtlim 
the substance of the tnpezius the latissimiu; dorsi and the rhom 
bold muscles there are large eolJateral arterial ehanuels n hieh make 
the field exceedm^lj sascnlar and winch require a great deal of 
clamping and ligation I \enlnall3r the scapula can be freed from 
the chest wall and pnlkd 
upward and outward to 
expose the costal cage 
The posterior half of the 
fifth nb IS remo%ed sub 
periosteall} Short seg 
ments can also be taken 
from the angles of the 
fourth sixth and sev 
enth ribs The operator 
13 ever conscious of ooze 
from the intercostal 
muscles orfromxanous 
other structures which 
indicate the rascularit) 
of the chest wall The 
chest IS entered through 
out the bed of the fifth 
nb and the wound is 
then extended upward 
and downward near the 
rertebral column bj cut 
ting through the adja 
cent intercostal muscle 
bundles Mith suitable self retaining retractors a fairly good ex 
posure can be obtained The desired portion of the aorta 13 now 
brought into Tiew bj splitting open its encasing parietal pleura 
In the fifth case of this senes the coarctation was just opposite the 
origin of the left subclavian arterj but m all other instances the 
constricted zone was one or two centimeters below this vessel and 
mmediateh opposite the ligamentum artenosum (or a patent 
ductus arteriosus in one case) The external constriction of the 
lessel may be quite apparent and deep In three instances the outer 
surface was onlj slightlj indented but palpation of the vessel 
wall m this region rescaled an excessive thickening so that the 
lumen of the aorta was obsiouda no more than two or three milh 



Fig 80 (A) Sketeli made at operaton on a 
patient with coaretatioa of the aorta Left 
posterolateral approach through the pleural 
cav ty Coarctation at C LA IganeutoiD 
aTtcTiCrsnia. L8A left saticlax an artery The 
intercostal lessels are greatlr enlarged Tie 
aorta nbore tt e coastr etion bad a hear og 
pulsation whereas the \eascl below If is s te d d 
not hare an intr ns o pulsation. 
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meters in diameter The aorta abo\e the constiietion and the 


{jreat vessels A\hich arise from the 
wliicJi IS more marked than nor- 
mal The aorta below the eonslnc- 
tion his little or no intrinsic pnl 
sation The intercostal arteries are 
evfi'einelj large, and mav be fisc 
to seven millimeters in diameter 
The^ ate iisnallj* tortuons m 
manj places and are apt to have 
thin walls 

In order to free up a segment 
of aorta fi\e to six centimeters in 
length it li neceasirj to doiiblr 
ligate and dmde at least two sets 
of intercostal arteries below the 
constriction, to dnide bronchnl 
artenes when the> exist, and to 
dmde the hgamentum artenosum 
(or the ductus arteriosus) This 
dissection must be extremely slow 
and careful for feai of injuring 
one of the \csselb and setting up 
uncontrollable bleeding Care 
should be exercised about putting 
undue strain on an jnteicostal 
ar(er\ at its junction with the 
aorta since this is a point of con 
siderable anatomical weakness 
When a poilion of the aorta has 
been dissected from its bed a 
linen tape can be passed around 
it to facilitate tbe subsequent 
handling of it, and to raise it up 
for further severance of anj ad 
hesions or small icsscls* which 


arch sliow a heaij pulsation 



Fig 30 (B) A Segment of aorta 

5 to 0 cm in Icngtli raised from its 
lied lalereosla! artcriM lA, Jiave 
been doubly lifted in<l diTided 
Broncluil nrterj, BA, has been 
doubly liRated and '■eiered TliP 
ligamentum artenosum, LA, has 
been cut B Climps applied fo 
aorta and narrowed segment his 
been excised C Reconstruction of 
the aorta by end to-eod anastonio 
ti«, by technique shoinx in Fig 27 


might lie on its under surface Dissection posterior to tlic aorta 
must be carried ten close to the tessci, to Icive the thoracie duct 


undistnibcd The vagus and recurrent larj-ngeil nerves cm be dis 
placed fonvard so that tbev arc out of barm's waj 

From here on, the steps m treatment of coarctation of the aorta 
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ire precisely the same as those winch were practiced on dogs for 
excision of a segment of the acssel and re anastomosis of its re 
maining ends "With tlie damps in place a segment one to one and 



patients wilh coarctation of the aorta r,g 32 Postoperative plotegraph 
Tn eiifh epeeinen tie lumen iras onij slouiag | sition of noiinl on UcJc 
S J nn HI c! ameter foUo^tag surgical treatment of so 


aniaiion of aorta 

a half centimeters in length is ent anat It is highlj important 
to have a first assistant who Jias practiced the neccssaij steps so 
that he can manipulate the aortic clamps, and bring tlie endt of 
the aorta together so that they can be sutured without llie slightest 
tension 

In the first patient who was operated upon a boj of six vears 
a \ery satisfactory anastomosis was established but on remosal of 
the clamps the child proraptlj died I assume that this was a form 
of shock brought about b) the sudden release of blood intb tlic 
lower part of the bod>, where it pooled and could not return with 
sufficient Tapidit> to supplj the heart with a circulating medium 
In the six subsequent operations three precautions were lal cn to 
avoid such a catastrophe (1) The last clamp was icmoved fioni 
the aorta -ver} slowlj (over a period of five to ten minutes) (2) 
The patient was tipped into a moderate Trendelenburg position 
(3) Several hundred cubic centimeters of blood were infused into 
an ankle vein Bj these measmes the heart was saipplied with an 
adequate imount of blood and the readjustments m the eiieulation 
w ere made without anxiety 

The first five patients were individuals from six to sixteen joais 
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of age and in caeh instance the operatise procedure though long 
and difficult svas cained out satisfactorih md with a feeling that 
m nortie tube had been reconstnictLd tint u as strong whidi u as 
idequate m si/e and wluch had even promise of functioning in 
a noimai wav In the sixth patient a man of thirtv who weighed 
nearly 200 ponndb the exposure through the back was not all tint 
could be desired and the anistomosLS had to be pcidoimcd deep 
in a hole where it was eaeeedingh difficult to place the stitches ac 
curateh Furthermore the lower aortic segment was extremel) 
thin and about three times the diametei of the upper portion of 
the aorta Openings of a similar size could be fashioned m the two 
segments but while performing the anastomosis it was obvious that 
the lower vessel was thin and friable and that the stitches would 
cut thiough It frequcntlj and had little holding power I had no 
feeling of securitj when the anastomosis was finaUj completed The 
patient was in a satisfactorj condition for twentj four hours aftci 
oporition but he then, suddenlv cxpiied presumablr from hemor 
ritage at the suture line No autopsv vras performed 

The seventh ease a male of twentj jears weighing 190 pounds 
who had an exceedingly muscular development ogam presented 
difficulties at the operating table which were almost msurmount 
able The exposure through the chest wall was again somewhat 
limited Host disturbing was the fact that good mobilitj could be 
obtained for the lower thoracic segment but the upper portion — 
the aortic arch — was completelj unvielding and could not be laiscd 
from Its bed as it bad been m all of the prev ions patients I assume 
tiiat the fixation of the arch was related to the long standmf» high 
degree of livTiertension The limited mobihlv of the upper segment 
prevented turning it adequatelv to bring it into optimum position 
for performance of an anastomosis The line of suture was quite 
unsatisfactory and it was neccssarv to re enforce it with a niimher 
of extra stitches grasping the adrcntitn and media in a wav which 
unfortim ltd) invertwl and constiictcd the vessel at the site of the 
mnstomosis This produced a lumen which was hut eight or nine 
millimeters in diameter and vvinch was subsequenth found to be 
insufficient for relieving the hvpertension 

The disappointments m these last two cases make me feel that 
these operitions for coaivtition of the aorta should probably be 
employed onlv for younger individuals — possiblv up to sixteen 
years of age However it is possible that an adult who has a thin 
chest and poorh developed musculature vvill present more favor 
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nlilc ciiciimst Dices for operation than was the cas'C in m\ last two 
patients In joung subjects the proeednrc can piobnblv be tom 
pletcd with a nsk which is not too high hut in ol<Ui iniU\idiiaIs 
flic surgical iisks art piobablj tnormoiis ind slioiihi not be und'T 
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(ig "3 Blool pressure etnrt from puticot S tioe iiiliatea pressures 

la nrms D ttte I line pressures m legs Prior lo operntioii ao pulsations euul 1 
he felt III tie legs During tte ten daw following operitmn there has been 
(I, lecline in tie nrn pressures 

taken until wo hate liul furlhci thaiict to gun moic oporatne 
experience in the tu itnwnt of this coiidiliou 

OnwMiNas I ION Sn ( i< M t \ Ti 1 vnn 
Our scries iiuliulrs scien patients opeuted upon for coarctation 
of the aorta The agis of lliise weie respectnelj six twelve ten 
sixteen, eleven tliirlv and twentv jears The histones of ‘hese 
patients included a wide vaiiitv ol svmptoms ilost of them had 
cpistaxis it one time or aiiothci Alost of them had headaches 
though this was not an onfstamlmg sjmptoni 'several had palpita 
tion Three complained of coldness of the legs Three noticed some 
weal ness of the legs after mmlerite txercise One child was quite 
imtahk and difficult to contnil The sixth jiatient comidained 
pnmaulj of pain in the back of scveiil months diiialioii The 
seventh individual had nolitcvl a markevi diminution of tolerance 
to exorcise There was no question about the diagnosis in anv of 
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the&e patients since there was a marked disparjtj m pressures of 
the arms and legs as indieatod m the accompiinni" tiblc 


TiBLE II fTOif Patitnts Oi naTEO ON ixiR CoircrxTioN 


Case 

Age 

Sex 

Representative Pre- 
Operative Sjstotic 
Pressure in Arms I 

Prc-Opcrativc Sjstolic 
Pressure m Legs 

1 

G 

M 1 

170 mni of Hg 

Unobtainable 

2 

12 

F ' 

215 mm of Hg 

Unobtainable 

3 

10 

M 1 

155 mm of Hg 

Unobtainable 

■i 

IG 

M 

175 mm of Hg 

Unobtainable 

5 

11 

T ' 

155 mm of Hg 

Unobtainable 

0 

30 

11 1 

220 mm of Hg 1 

’ no 

7 

20 

M 

215 mm of Hg 

Unobtainable 


In the first of these piticnls there was a fatnhtj on the oporat 
mg table, after a ^CI\ satisfactors aortic anastomosis had bten 
obtained The clamps were remosed too ipiieklj- from the aorta 



Pig 34 Blood prc«‘'ure cliiirt from patient 3 Solid line pressure in arms, 
dotted line, pTe‘*sure in leg« 

Tins error has been corrected in all subsequent cases and this should 
not prose to be ans source of trouble m future operations The 
sixth and seventh patients were both veiv largo men, who presented 
formidable obstacles from the point of view of gaining adequate 
exposure, a problem which is not insnpenble In addition, both of 
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tliem lind some pemli lutj m the aorta itself— one with i t)iiiin]n;t 
aiul ililalntion of tin lower aortie sejfmcnt and t!ic otlni with a 
stnkiti" fixation of the aortic arch — which are piohabh situations 
which cannot he overcome h> ineica!»ed optiativc ixpcruiKe Just 



Pit; Itlooil prisvure cliart from | ilient 4 Sclil hoe, prc«iiure m nriiin 
DottrJ line, [re8«ure m legs Concurrent witU IW just operative afiHsrsn e 
if luNitunn nnt demoastrsble preseuree in the legs, there lins been r pn«t 
operative full in the | ressures lu tie arms 

luiw ficquontl.v these distmbing factors will be found in adult 
liiticnts, we IK as yet unable to saj While the> hnve quelled 
nij enthusnsm for Inrthti attempts at this operation m adults, it 
sliotild be pointed out that Crafootd Jias operated upon one man 
of tweiityseven with vcr> sitisfactorj results Ilowever, mj dis 
appointing experiences seivc to support a personal opinion that 
operations of this sort will primarilj be of benefit to individuals 
wJio are joung, whoso symptoms are still mild, and who have not 
vet developid serious complications 

In patient 7, there has been onl> a verj slight fall in the blood 
pressure following ojicration, a fact which is obviously related 
to the establishment of toosmiU a lumen at the site of the 
anastomosis In patients 2, 3, 4, and 5, there have been striking 
changes in the blood pressures as indicated in Figmes 33 , 34 , 35 , 
and 36 In none of these four patients was anv pulsation felt in 
the femoral aitei ics, dorsalis pedis artencs, or the iiopliteal arteries 
hefoie operation, nor could anj sounds be heard when tlio sphjg 
mommometer was attached to the leg Following operation all 
foil! of these individinls have a verj sitisfactoiy pulsation in the 
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femoral arteries and other \cssels of the legs They all ha^ e readily 
demonstrable blood pressure readings as sbonm by the dotted lines 
on the charts Of some mteicst is the fact that the blood pressure 
in the arms did not fall prceepitouslj at operation or in a fe^ houi's 



Fig 16 Blooit pressure cl art from pihcot 5 Solil line 8i«tc»lje preseures in 
firms ZMdftI line si^Mlie pressures lu legs Prior fn operation no souals coul 1 
le leirl in tie legs with the spl vgmomnnometer Tie reduction m pressurii 
in the srms oicurmi grulualli ocer n perioil of nhout two weeks 

thereafter The diminution in arterial piessnre of the arms tooh 
lihee ovei a period of ten to twiKc dajs Uence it mbs assumed 
til it the laseular bed in flic loner part of the bod^ nas small be 
emse it had not been snbjectcd to normal pressures prior to opera 
tion It IS also possible tint the peripheral bed had an increased 
sascuhr tone, dependent upon an o\er aeti\it\ of the simpathctic 
ippiratiis I do not Xnon nhicJi of the too explamtions is the 
proper one but suffice it to sai thnt apparontlj a period of time 
is requned to dilate the \ascular be<l and that simultaneous Mith 
this change, the pressure in the upper extremities Mill fall 

The extent of our obsemations is limited jet the findings clearly 
indicate that increased pressures in the upper part of the body 
can be grcatlj reduced In a surgical procedure Mbich removes tbc 
oljstnicted segment of aorta I Mould like to add that these opera 
tions slionld not be undertaken lighth, and should be contemplated 
onl> bj those who haie had considerable experience in thoracic 
surgcri, -who are mcII acquainted with the techniques of blood 
icssel suture, and Mho are Milling to practice the neecssarj steps 



(,8 SURGICAL FRIATMCNT POR -Vn \ OP MALITIES 

in till c\pcnmental hboratorj TJiesc operations ne length} and 
are oxlnasting for the surgeon and his team \cf lhe\ art exceed 
ing]} grntif}nng because the} bring a bright ra} ot hope to }oung 
individuals who have a serious vascular disorder wlnth has hereto 
fore carried a ritlur grave prognosis 
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